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7KHDLPRIWKLVSDSHULVWRH[SORUHVRPHRIWKHSRVVLELOLWLHVDGYDQWDJHVDQG
GLI¿FXOWLHVRIFRUSXVEDVHGDQDO\VHVRIVHPDQWLFDQGSUDJPDWLFDVSHFWVRIODQ
JXDJHLQRQHSDUWLFXODU¿HOGQDPHO\WKHOLQJXLVWLFH[SUHVVLRQRIHPRWLRQFRQ
FHSWV)RUWKLVSXUSRVHDPHWKRGRORJLFDOSURFHGXUHLVSURSRVHGDQGDQH[HP
SODU\ DQDO\VLV RI WKH HPRWLRQ FRQFHSW ³IHDU´ LQ (QJOLVK LV SHUIRUPHG 7KH
SURFHGXUH FRPELQHV .|YHFVHV¶ OH[LFDO DSSURDFK DQG 6WHIDQRZLWVFK¶V PHWD
SKRULFDO SDWWHUQ DQDO\VLV ZLWK DGGLWLRQDO FRQFHSWV IURP FRUSXV OLQJXLVWLFV
VXFKDV VHPDQWLFSUHIHUHQFHDQG VHPDQWLFSURVRG\7KH UHVXOWVRI WKH VWXG\
VKRZWKDWVXFKDFRUSXVEDVHGDQDO\VLVRIHPRWLRQZRUGVRIIHUVVHYHUDODGYDQ
WDJHV )LUVWO\ E\ H[SORULQJ WKH VXUURXQGLQJV RI WKH VHDUFK ZRUG LQ D YDVW
DPRXQWRIWH[WZHDUHQRWRQO\DEOHWR¿QGHYLGHQFHRIFRQFHSWXDOPHWDSKRU
DQGPHWRQ\P\WKDWVWUXFWXUHWKHHPRWLRQFRQFHSWDQGRIUHODWHGHPRWLRQFRQ
FHSWVEXWDOVRZHFDQHQULFKWKHGHVFULSWLRQRIWKHHPRWLRQFRQFHSWZLWKLQIRU
PDWLRQIURPDVHULHVRIGLPHQVLRQVDQGDGGDSUDJPDWLFYLHZSRLQWE\UHYHDO
LQJDQH[SOLFLWRU LPSOLFLWHYDOXDWLRQRI WKHHPRWLRQ7KHVHFRQGDGYDQWDJH
RIIHUHGE\DFRUSXVEDVHGDSSURDFK OLHV LQ WKHSRVVLELOLW\RITXDQWLI\LQJUH
VXOWVLHFRPSDULQJWKHIUHTXHQF\SURGXFWLYLW\DQGFUHDWLYHXVHRILQGLYLGXDO
PHWDSKRUVDQGPHWRQ\PLHVZKLFKLVHVSHFLDOO\LQWHUHVWLQJLQYLHZRIFRQWUDV
WLYHVWXGLHV
 $GGUHVVIRUFRUUHVSRQGHQFH'HSDUWDPHQWGH7UDGXFFLyL&RPXQLFDFLy8QLYHUVLWDW-DXPH,
&DPSXVGHO5LX6HF&DVWHOOy6SDLQ(PDLORVWHU#WUDGXMLHV$FNQRZOHGJHPHQWV,
DPJUDWHIXOWRWZRDQRQ\PRXVUHYLHZHUVIRUWKHLUFRQVWUXFWLYHFULWLFLVPRIDQHDUOLHUYHUVLRQ
RIWKLVSDSHUDQGZRXOGDOVROLNHWRWKDQN+HLNHYDQ/DZLFNIRUDVVLVWLQJPHZLWKWKHDQDO\VLV
RIPHWDSKRULFDOH[SUHVVLRQVDQG-RVp/XLV0DUWtDQG,JQDVL1DYDUURIRUWKHLUKHOSIXOFRP
PHQWVRQVWDWLVWLFDODQDO\VLVDQGSUHSRVLWLRQDOFRQVWUXFWLRQV7KHVWXG\KDVEHHQVXSSRUWHGE\
UHVHDUFKSURMHFW)),±IXQGHGE\WKH6SDQLVK0LQLVWU\IRU6FLHQFHDQG,QQRYDWLRQ
0,&,11
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.H\ZRUGV (PRWLRQ FRQFHSWV FRUSXV PHWKRGRORJ\ FRQFHSWXDO PHWDSKRU
FRQFHSWXDOPHWRQ\P\VHPDQWLFSUHIHUHQFHVHPDQWLFSURVRG\
 ,QWURGXFWLRQ
&RUSXVOLQJXLVWLFVKDVJURZQRYHUUHFHQWGHFDGHVLQWRDZHOOHVWDEOLVKHG¿HOG
RIUHVHDUFKDQGLWVPHWKRGVDUHQRZEHLQJLQFUHDVLQJO\DSSOLHGDOVRLQFRJQL
WLYHOLQJXLVWLFV3UHVHQWGD\FRUSRUDFRQWDLQYHU\ODUJHTXDQWLWLHVRIGDWDDQG
DUH WKXVHVSHFLDOO\XVHIXO IRUTXDQWLWDWLYH VWXGLHVRIJUDPPDWLFDO DVSHFWVRI
ODQJXDJH ZKLFK DUHPRUH HDVLO\ DQDO\VHG WKURXJK VHPLDXWRPDWLF VHDUFK
SURFHVVHVWKDQVHPDQWLFRUSUDJPDWLFLVVXHV1HYHUWKHOHVVFRUSXVOLQJXLVWLFV
KDVDOVRGHYHORSHGDQXPEHURIFRQFHSWXDOWRROV௘²௘IRUH[DPSOHFRRFFXUUHQFH
DQGFROORFDWLRQVHPDQWLFSUHIHUHQFHDQGVHPDQWLFSURVRG\௘²௘WKDWKHOSWRSLQ
SRLQWVHPDQWLFDQGSUDJPDWLFDVSHFWVRIOH[LFDOXQLWV7KHPDLQREMHFWLYHRI
WKLVSDSHULVWRDSSO\WKHVHWRROVWRRQHRIWKHFHQWUDOWKHPHVRIFRJQLWLYHOLQ
JXLVWLFUHVHDUFKWKHOLQJXLVWLFH[SUHVVLRQRIHPRWLRQVDQGWKHLUFRQFHSWXDOL]D
WLRQWKURXJKFRQFHSWXDOPHWDSKRUDQGPHWRQ\P\
,Q WKLV ¿HOG .|YHFVHV   GLVWLQJXLVKHV EHWZHHQ FRJQLWLYHO\
RULHQWHGVWXGLHVZKLFKW\SLFDOO\XVHHOLFLWHGGDWDDQGODQJXDJHXVHRULHQWHG
UHVHDUFKHUVZKRWHQGWRXVHFRUSXVGDWD7KH¿UVWIROORZDWRSGRZQDSSURDFK
WKDWLVGLUHFWHGDWDVXSUDLQGLYLGXDOOHYHODQGDLPWRSURSRVHFRQFHSWXDOPHWD
SKRUVRQ WKHEDVLVRI OLQJXLVWLF H[SUHVVLRQV7KHJRDORIERWWRPXSFRUSXV
EDVHGVWXGLHVRQWKHRWKHUKDQGLVWKHV\VWHPDWLFLGHQWL¿FDWLRQRIOLQJXLVWLF
PHWDSKRUVLQQDWXUDOGLVFRXUVH.|YHFVHVD7KHVHDLPVDQGPHWK
RGVFDQEHFRQVLGHUHGDVFRPSOHPHQWDU\.|YHFVHVD±DQGWKXV
WKHTXHVWLRQSXUVXHGLQWKLVSDSHULVLQZKLFKZD\DTXDOLWDWLYHDSSURDFKFDQ
EHFRPSOHPHQWHGE\XVLQJTXDQWLWDWLYHGDWDIURPHOHFWURQLFWH[WFRUSRUD,Q
SDUWLFXODU WKH TXHVWLRQV WKDWZLOO EH DGGUHVVHG DUH WKH IROORZLQJ+RZ FDQ
FRUSXVOLQJXLVWLFFRQFHSWVEHDSSOLHGLQRUGHUWRHVWDEOLVKWKHFRQFHSWXDOPHWD
SKRUVDQGPHWRQ\PLHVWKDWVWUXFWXUHRXUXQGHUVWDQGLQJRIHPRWLRQV"'RWKH\
UHYHDODGGLWLRQDOVHPDQWLFRUSUDJPDWLFIDFHWVRIWKHZRUGVH[SUHVVLQJWKHVH
HPRWLRQV"+RZGRHV WKLVPHWKRGRORJ\GLIIHU IURPRWKHUZD\VRI DQDO\VLQJ
HPRWLRQFRQFHSWV",QZKDWZD\PLJKWWKHVHGLIIHUHQFHVLQÀXHQFHREWDLQDEOH
UHVXOWV" ,Q RUGHU WR DQVZHU WKHVH TXHVWLRQV DPHWKRG IRU VWXG\LQJ HPRWLRQ
FRQFHSWVZLWK WKH KHOS RI HOHFWURQLF FRUSRUD LV SURSRVHG DQG DQ H[HPSODU\
DQDO\VLVRIWKHHPRWLRQFRQFHSW³IHDU´LQ(QJOLVKLVSHUIRUPHG
 )RUWKHVDNHRIFODULW\FRQFHSWVZLOOEHPDUNHGE\LQYHUWHGFRPPDV³SULGH´OH[LFDOXQLWV
XVHGDVVHDUFKZRUGVE\VLQJOHLQYHUWHGFRPPDVµSULGH¶DQGFRRFFXUUHQFHVIURPWKHFRUSXV
E\LWDOLFVKHDUW
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
 &RUSXVEDVHGDQDO\VHVRIWKHOLQJXLVWLFH[SUHVVLRQRIHPRWLRQV$
PHWKRGRORJLFDOSURSRVDO
 %DFNJURXQG/LQJXLVWLFDSSURDFKHVWRWKHVWXG\RIHPRWLRQV
7KH LQWHUGLVFLSOLQDU\¿HOGRI ODQJXDJHDQGHPRWLRQKDVEHHQ WKH VXEMHFWRI
QXPHURXV VWXGLHV LQ WKH ¿HOGV RI SV\FKRORJ\ DQG DQWKURSRORJ\ FI:LOFH
&K  DQG :LWKLQ OLQJXLVWLFV LQWHUHVW LQ WKH LQWHUUHODWLRQ EHWZHHQ
ODQJXDJHDQGHPRWLRQVLVPRUHUHFHQWDQGVRPHWLPHVVWLOOVHHQDVQHJOHFWHG
HJ6FKZDU])ULHVHO+RZHYHUDVHULHVRIDSSURDFKHVKDVEHHQGHYHO
RSHGIURPGLIIHUHQWOLQJXLVWLFSHUVSHFWLYHVFI%HGQDUHND௘±IRUDQ
RYHUYLHZ DQG HVSHFLDOO\ LQ UHFHQW \HDUV D QXPEHU RI LQWHUQDWLRQDO FRQIHU
HQFHVDQGWKHPHVHVVLRQVDVZHOODVVSHFL¿FSXEOLFDWLRQVRQWKHVXEMHFWHJ
)XVVHOO6FKZDU])ULHVHO%HGQDUHNDWRQDPHEXWDIHZVKRZ
DUHQHZHGLQWHUHVWLQWKHVWXG\RIHPRWLRQODQJXDJH)RUWKHSXUSRVHRIWKLV
ZRUN , VKDOOEULHÀ\RYHUYLHZ WKUHHRI WKHPDLQPHWKRGRORJLFDODSSURDFKHV
XVHGLQWKLVDUHD
:LWKLQWKHIUDPHZRUNRIQDWXUDOVHPDQWLFPHWDODQJXDJH௘160HPRWLRQV
DUHGHVFULEHGWKURXJKDPHWDODQJXDJHWKDWFRQVLVWVRIXQLYHUVDOVHPDQWLFSULP
LWLYHV:LHU]ELFNDDE,QDFFRUGDQFHZLWKWKLVDVSLUD
WLRQWRXQLYHUVDOLW\QDWXUDOVHPDQWLFPHWDODQJXDJHLVXVHGHVSHFLDOO\IRUFRQ
WUDVWLYH GHVFULSWLRQV RI HPRWLRQV WKDW DLP DW GLIIHUHQWLDWLQJ WKHP HLWKHU
LQWUDOLQJXLVWLFDOO\RUFRPSDULQJ WKHPLQGLIIHUHQW ODQJXDJHVDQGFXOWXUHV ,Q
WKLVDSSURDFKLQRUGHUWRDUULYHDWWKHGHVFULSWLRQRIDQHPRWLRQDSUDJPDWLF
DQDO\VLV RI SURWRW\SLFDO VLWXDWLRQV LQ D JLYHQ FXOWXUH LV FDUULHG RXW WKH UH
VHDUFKHU¶VLQWXLWLRQEHLQJFUXFLDO
,Q FRQWUDVW WR:LHU]ELFND¶VPHWKRGRORJ\ WKH OH[LFDO DSSURDFK GHYHORSHG
PDLQO\E\=ROWiQ.|YHFVHVHWFVWDUWVZLWKWKHLGHD
WKDW ³ ODQJXDJHSDUWLFXODUO\ LWV OH[LFRQ LV D UHÀHFWLRQRIRXU FRQFHSWXDO
V\VWHP´.|YHFVHV)RUWKLVUHDVRQLWEDVHVWKHGHVFULSWLRQRIWKH
FRPSOH[VWUXFWXUHRIHPRWLRQFRQFHSWVRQDQDQDO\VLVRIFRQYHQWLRQDOL]HGOLQ
JXLVWLFH[SUHVVLRQVVXFKDVPHWDSKRUVPHWRQ\PLHVLGLRPVFOLFKpVSURYHUEV
DQGFROORFDWLRQV.|YHFVHV7KHGDWDXVHGIRUVWXGLHVLQWKHOH[LFDO
DSSURDFKLVHLWKHUHOLFLWHGHQTXLULHVDPRQJVWXGHQWVRUFROOHFWHGIURPOH[LFR
JUDSKLFDOVRXUFHVOLNH5RJHW¶V8QLYHUVLW\7KHVDXUXV.|YHFVHV7KH
FRQFHSWXDOVWUXFWXUHRI WKHHPRWLRQ LVGHVFULEHGRQIRXU OHYHOVDV\VWHPRI
FRQFHSWXDOPHWRQ\PLHVDVVRFLDWHGZLWKWKHHPRWLRQFRQFHSWDV\VWHPRIFRQ
FHSWXDOPHWDSKRUVDVVRFLDWHGZLWKWKHHPRWLRQFRQFHSWDVHWRIFRQFHSWVUH
ODWHGWRWKHHPRWLRQFRQFHSWDQGDSURWRW\SLFDOFRJQLWLYHPRGHO
,Q WKH ¿HOG RI FRJQLWLYH OLQJXLVWLFV DV ZHOO DV LQ OLQJXLVWLFV LQ JHQHUDO
WKHUH LVDJURZLQJWUHQGWRZDUGVXVLQJDFRUSXVEDVHGPHWKRGRORJ\7KLV LV
HVSHFLDOO\ WUXHZLWK UHJDUG WRPHWDSKRU UHVHDUFK FI IRU H[DPSOH'HLJQDQ
&KDUWHULV%ODFN*HYDHUW6WHIDQRZLWVFK
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6WHIDQRZLWVFKDQG*ULHVDQGDOVRWRWKHVWXG\RIHPRWLRQV6WHIDQRZ
LWVFK%HGQDUHND:LWKLQWKHIUDPHZRUNRIFRQFHSWXDOPHWDSKRU
WKHRU\6WHIDQRZLWVFK DGYRFDWHVYHU\ VWURQJO\ IRU VXFKDQDSSURDFK
7KHPHWKRGKHSURSRVHVPHWDSKRULFDOSDWWHUQDQDO\VLVFRQVLVWVRIFKRRVLQJD
OH[LFDOLWHPIURPWKHWDUJHWGRPDLQH[WUDFWLQJDUDQGRPVDPSOHRILWVRFFXU
UHQFHVLQWKHFRUSXVLGHQWLI\LQJDOOPHWDSKRULFDOH[SUHVVLRQVWKDWWKHVHDUFK
ZRUG LV D SDUW RI DQG JURXSLQJ WKHP DFFRUGLQJ WR JHQHUDOPDSSLQJV 6WH
IDQRZLWVFK¶V UHVXOWV VKRZ WKDW PRVW RI WKH PHWDSKRUV GHVFULEHG LQ LQWUR
VSHFWLYHVWXGLHVXVLQJ.|YHFVHV>@DVUHIHUHQFHSRLQWFDQEHLGHQWL¿HG
WKURXJKDFRUSXVEDVHGDQDO\VLVDQGWKDWDGGLWLRQDOPHWDSKRUVFDQEHIRXQG
)XUWKHUPRUHDQLPSRUWDQWDGYDQWDJHRIDFRUSXVEDVHGDSSURDFKLVWKHSRVVL
ELOLW\RITXDQWLI\LQJ UHVXOWV ,Q6WHIDQRZLWVFK¶V VWXG\TXDQWL¿FDWLRQ LVXVHG
LQ RUGHU WR ¿QG RXWZKLFKPHWDSKRUV DUHPRVW VWURQJO\ DVVRFLDWHGZLWK DQ
HPRWLRQ
 6RPHPHWKRGRORJLFDOFRQVLGHUDWLRQV
D 'HDOLQJZLWKODUJHTXDQWLWLHVRIGDWD &RUSXVEDVHGDQDO\VLVRIPHWDSKRU
LVQRWPHWKRGRORJLFDOO\VLPSOH)LUVWWKHUHLVWKHTXHVWLRQRIKRZWRGHDOZLWK
WKHVKHHUDPRXQWRIGDWDREWDLQHG,IXVLQJDERWWRPXSDSSURDFKRQDYHU\
ODUJHHOHFWURQLFFRUSXVWKLVPHDQVWKDWHLWKHUDYDVWQXPEHURIFRQFRUGDQFHV
KDYHWREHDQDO\VHGRUVRPHZD\RISUHVHOHFWLRQKDVWREHHVWDEOLVKHG7KH
SURFHGXUHSURSRVHGE\&KDUWHULV%ODFNFRQVLVWVRIWZRVWHSVDTXDOLWD
WLYHVWXG\RIWKHPHWDSKRUVZKLFKFRPSULVHVLGHQWL¿FDWLRQLQWHUSUHWDWLRQDQG
H[SODQDWLRQIROORZHGE\DTXDQWLWDWLYHFRQFRUGDQFHDQDO\VLV6WHIDQRZLWVFK
IROORZVDVLPLODUDSSURDFKDTXDOLWDWLYHDQDO\VLVRISDUWRIWKHFRUSXV
DQG VXEVHTXHQW TXDQWL¿FDWLRQ +RZHYHU WKLV DXWKRU DOVR FRPSOHPHQWV KLV
PHWKRGZLWKDWRSGRZQDSSURDFKE\FDUU\LQJRXWVSHFL¿FVHDUFKHVIRUSUHYL
RXVO\GHVFULEHGPHWDSKRUW\SHVWKDWKDYHQRWEHHQIRXQGLQWKHRULJLQDOVDPSOH
RIKLWV6WHIDQRZLWVFK7KLVLVSODXVLEOHZLWKLQWKHFRQWH[WRI
6WHIDQRZLWVFK¶V DLPRI GHPRQVWUDWLQJ WKDW DOO WKHPHWDSKRU W\SHV LGHQWL¿HG
WKURXJKLQWURVSHFWLRQFDQDOVREHIRXQGWKURXJKDFRUSXVEDVHGVWXG\+RZ
HYHU LW SRVHV DPHWKRGRORJLFDO SUREOHP UHJDUGLQJ VDPSOH VL]H LI WKH DLP LV
VLPSO\WRSURYLGHDFRUSXVEDVHGGHVFULSWLRQRIWKHPHWDSKRULFDOH[SUHVVLRQ
RI WKHHPRWLRQZRUG6XSSRVLQJ WKDW WKHUHDUHQR UHOLDEOHGHWDLOHGSUHYLRXV
VWXGLHVKRZELJVKRXOGWKHVDPSOHEHVRDVWRHQVXUHWKDWQRUHOHYDQWPHWDSKRU
W\SHVDUHOHIWRXW"
:KDWWKHFRQWULEXWLRQVRIWKHDXWKRUVFLWHGDERYHVKRZLVWKDWZHQHHGWR
DFKLHYHDEDODQFHEHWZHHQWKHQHFHVVLW\RIDSSO\LQJFRKHUHQWPHWKRGRORJLFDO
FULWHULDDQGWKHOLPLWDWLRQVLPSRVHGRQWKHUHVHDUFKE\FRUSXVVL]H:KLOHLWLV
QRWSRVVLEOHZKHQZRUNLQJZLWKYHU\ODUJHFRUSRUDWRDQDO\VHHYHU\VLQJOH
FRRFFXUUHQFHWKHPHWKRGVKRXOGEHGH¿QHGFRKHUHQWO\LQDZD\WKDWPDNHVLW
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
SRVVLEOH WR WUDFH WKHPHWDSKRULFDOH[SUHVVLRQVDVH[KDXVWLYHO\DVSRVVLEOH ,
ZLOOGHDOZLWKWKLVLVVXHLQVRPHGHWDLOLQ6HFWLRQ
E 5HWULHYLQJDQGDQDO\VLQJWKHGDWD $FRUSXVEDVHGDSSURDFKKDVFHUWDLQ
OLPLWDWLRQVEXWLWDOVRRIIHUVDGGLWLRQDOSRVVLELOLWLHV$V'HLJQDQSXWVLW³7KHUH
LVQRZD\RIVD\HQWHULQJVSHDNHUPHDQLQJRUDFRQFHSWXDOPHWDSKRULQWRD
FRPSXWHUDQGEHLQJSURYLGHGZLWKDOLVWRIOH[LFDOLWHPVUHDOLVLQJWKDWSDUWLFXODU
PHDQLQJRUPHWDSKRU´:KLOHLQWKHOH[LFDODSSURDFKWKHDQDO\VLV
VWDUWVZLWKDFRQFHSWXDOGRPDLQIRUH[DPSOH³SULGH´DQGWKHGDWDDQDO\VHG
FRQVLVWV RI FRQYHQWLRQDOL]HG H[SUHVVLRQV LQ D FRUSXVEDVHG DSSURDFK WKH
VWDUWLQJSRLQWLVQHFHVVDULO\GLIIHUHQW$VLQ6WHIDQRZLWVFK¶VDSSURDFK
LQWKLVVWXG\,VWDUWIURPDOH[LFDOXQLWµIHDU¶7KLVSURFHGXUH\LHOGVGDWDLQWKH
IRUPRIFRRFFXUUHQFHVIRUH[DPSOHKHDUWVZDOORZSDOSDEOH:KHQORRNLQJ
DWWKHUHVXOWLQJFRPELQDWLRQVRIWKHVHDUFKZRUGDQGLWVFRRFFXUUHQFHVPDQ\
RIWKHVHPLJKWEHWKHVDPHDVWKHFRQYHQWLRQDOL]HGH[SUHVVLRQVDQDO\VHGLQWKH
OH[LFDODSSURDFKHJVWULNHIHDULQWRVRPHRQH¶VKHDUWVZDOORZRQH¶VSULGH
+RZHYHU WKH RYHUDOO SLFWXUH LV ERXQG WR EH VOLJKWO\ GLIIHUHQW IRU WZRPDLQ
UHDVRQV
± 7KHOLVWRIFRRFFXUUHQFHVRQO\LQFOXGHVOH[LFDOXQLWVWKDWRFFXULQWKHYL
FLQLW\RI WKH VHDUFKZRUG µIHDU¶ LQ WKLVFDVH([SUHVVLRQV WKDW DUHXVHG
¿JXUDWLYHO\WRGHVFULEHWKHHPRWLRQZLWKRXWQDPLQJLWFDQQRWEHGHWHFWHG
ZLWKWKLVPHWKRG)RUH[DPSOHZHZRXOGQRW¿QGH[SUHVVLRQVOLNHPDNH
RQH¶VEORRGFXUGOHDVDQH[SUHVVLRQRIIHDUXQOHVVWKHOH[LFDOXQLWµIHDU¶
RFFXUUHGZLWKLQWKHVSDQWKDWKDVEHHQGH¿QHGIRUWKHVHDUFK,WZRXOGRI
FRXUVHEHSRVVLEOHWRGHVLJQDVHFRQGSKDVHRIWKHDQDO\VLVHODERUDWLQJRQ
HYHU\LQGLYLGXDOPHWDSKRUDQGPHWRQ\P\,KDYHQRWGRQHWKLVKHUHDQG
IHHO LWZRXOGQRWEHIHDVLEOHZLWKVXFKDFRPSOH[REMHFWRIVWXG\DV WKH
OLQJXLVWLFH[SUHVVLRQRIHPRWLRQV+RZHYHUWDNLQJLQWRDFFRXQWWKH¿QGLQJ
RI)XVVHOODQG0RVVWKDWVSHDNHUVWHQGWRXVH¿JXUDWLYHH[SUHVVLRQV
LQDGGLWLRQWRWKHOLWHUDORQHVDQGQRWLQVWHDGRIWKHPWKLVOLPLWDWLRQRIWKH
GDWDGRHVQRWVHHPWREHDVXEVWDQWLDOGUDZEDFNRIWKHPHWKRG
± $PXFKZLGHU UDQJH RI FRQWH[WV FDQ EH DQDO\VHG EHFDXVH WKHVH DUH QRW
OLPLWHGWRFRQYHQWLRQDOL]HGH[SUHVVLRQV
 3RWHQWLDOUHVXOWV
7KHGDWDWKDWFDQEHREWDLQHGWKURXJKFRUSXVDQDO\VLVLVWKXVPRUHOLPLWHGWKDQ
WKDWRIWKHOH[LFDODSSURDFKLQRQHUHVSHFWDQGPRUHZLGHUDQJLQJLQDQRWKHU
%\PHDQVRIDQDO\VLQJWKHGDWDSURYLGHGE\WKHFRUSXVDQDO\VLVZHDUULYHDW
FRQFOXVLRQVDERXWWKHVWUXFWXUHRIWKHHPRWLRQFRQFHSW7KLVVWUXFWXUHLVDJDLQ
VLPLODUWRWKDWRIWKHOH[LFDODSSURDFKLWWHOOVXVVRPHWKLQJDERXWFRQFHSWXDO
PHWDSKRUVDQGPHWRQ\PLHVEXWLWDOVRRSHQVXSVRPHGLIIHUHQWSRVVLELOLWLHV
 82VWHU
:HDUHWKHUHIRUHJRLQJWRORRNLQPRUHGHWDLOLQWRWKHDGGLWLRQDOUHVXOWVWKDWFDQ
EHH[SHFWHG
 &RQFHSWXDO SUR[LPLW\ (PRWLRQZRUGV VHHP WR KDYH D VWURQJ WHQ
GHQF\WRFRRFFXUZLWKRWKHUOH[LFDOXQLWVH[SUHVVLQJIHHOLQJVHLWKHUVLPLODURU
FRQWUDGLFWLQJ RQHV IRU H[DPSOH µORYH¶௘²௘µWHQGHUQHVV¶ YV µORYH¶௘²௘µKDWH¶
&RUSXVDQDO\VLVDOORZVXVWRTXDQWLI\WKHVWUHQJWKRIWKHFROORFDWLRQDOERQGV
EHWZHHQWKHVHDUFKZRUGDQGWKHFRRFFXUULQJLWHPV+RZHYHULVLWDOVRSRV
VLEOH WRXVH WKHVHGDWDRQFRRFFXUUHQFHV WRPDNH LQIHUHQFHVDERXWKRZWKH
FRPSOH[FDWHJRU\RIDQHPRWLRQFRQFHSWLVVWUXFWXUHG":HZRXOGSUREDEO\EH
H[SHFWLQJWRRPXFKLIZHWULHGWRSURYLGHDGHVFULSWLRQRIWKHZKROHFDWHJRU\
DQGLWVLQWHUQDOUHODWLRQVKLSVEHWZHHQFHQWUDODQGSHULSKHUDOPHPEHUV1HYHU
WKHOHVVDQDO\VLQJWKHFRRFFXUULQJHPRWLRQZRUGVFDQJLYHXVDQLGHDDERXW
ZKLFKHOHPHQWVEHORQJWRWKHHPRWLRQFDWHJRU\ZKLFKDUHPRVWVWURQJO\FRQ
QHFWHGWRWKHHPRWLRQZRUGWKDWZDVXVHGDVVWDUWLQJSRLQWDVZHOODVDERXW
RWKHUHPRWLRQVWKDWDUHIUHTXHQWO\DVVRFLDWHGZLWKLW
 (YDOXDWLRQDQGGHVFULSWLRQ $SDUWIURPDOORZLQJXVWRKDYHDFORVHU
ORRNDWZHOONQRZQDVSHFWVRIWKHVWUXFWXUHRIHPRWLRQFRQFHSWVOLNHPHWDSKRU
DQGPHWRQ\P\WKHPDLQDGYDQWDJHRIDFRUSXVEDVHGDSSURDFKLVWKHSRVVLELO
LW\RIPDNLQJXVHQRWRQO\RIWKHPDWHULDOGHYLFHVWKHFRUSRUDWKHPVHOYHVWKH
OLVWV RI FRRFFXUUHQFHV DQG WKH VWDWLVWLFDOPHDVXUHV EXW DOVR RI FRQFHSWXDO
WRROVGHYHORSHGLQFRUSXVOLQJXLVWLFV
7KH FRQFHSWV , DP SURSRVLQJ WR HPSOR\ DUH WZR NH\ QRWLRQV RI FRUSXV
VWXGLHV VHPDQWLF SUHIHUHQFH DQG VHPDQWLF SURVRG\ZKLFK JR EDFN WR -RKQ
6LQFODLU¶VZRUNRQFROORFDWLRQV7RJHWKHUZLWKFROORFDWLRQDOSUR¿OHLHOH[LFDO
UHDOLVDWLRQDQGFROOLJDWLRQDOSDWWHUQVOH[LFRJUDPPDWLFDOUHDOLVDWLRQVVHPDQ
WLFSUHIHUHQFHDQGVHPDQWLFSURVRG\ELQGZRUGVWLJKWO\LQWRWKHLUFRQWH[WVDQG
LQWROLQJXLVWLFFRQYHQWLRQIRUPLQJH[WHQGHGXQLWVRIPHDQLQJ6LQFODLU
2IWKHVHIRXUSRLQWVVHPDQWLFSUHIHUHQFHDQGSURVRG\DUHSUREDEO\WKHPRVW
GLI¿FXOWWRGHVFULEHDVWKH\IRFXVRQFRQQRWDWLRQDODQGHYDOXDWLYHDVSHFWV,Q
UHFHQW \HDUV WKHVH FRQFHSWV KDYH EHHQ H[DPLQHG FULWLFDOO\ HJ :KLWVLWW
 UHQDPHGFI+RH\¶V VHPDQWLFDVVRFLDWLRQDQG6WXEE¶V 
GLVFRXUVHSURVRG\UHH[SODLQHG0RUOH\DQG3DUWLQJWRQUHH[DPLQHG
+XQVWRQ%HGQDUHNEDQGDOVRLQFUHDVLQJO\XVHGLQFURVVOLQJXLVWLF
FRQWH[WV7RJQLQL%RQHOOL;LDRDQG0F(QHU\6WHZDUW0XQ
GD\LQSUHVV/LNH%HGQDUHNE,FRQVLGHUWKDWLWLVXVHIXOWRPDLQWDLQ
GLVWLQFWLRQEHWZHHQWKHWZRFRQFHSWVDQGDVWKH\KDYHQRWDOZD\VEHHQGH¿QHG
KRPRJHQHRXVO\,ZLOOFODULI\WKHLUXVHKHUH
D 6HPDQWLF SUHIHUHQFH UHIHUV WR WKH VHPDQWLF VXEVHWV DZRUG¶V FROORFDWHV
SUHGRPLQDQWO\EHORQJWR,QWKLVVWXG\LWLVXVHGWRGHWHUPLQHWKHZD\WKHHPR
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
WLRQLVGHVFULEHGDQGKRZLWFRPELQHVZLWKJURXSVRI௘௘RWKHUOH[LFDOXQLWV)RU
WKLVSXUSRVH WKHVHPDQWLF¿HOGVRI WKHFROORFDWHVRI µIHDU¶DUHDQDO\VHGDQG
FODVVL¿HGZKLFKOHDGVWRLGHQWLI\LQJWKHPDLQGHVFULSWLYHGLPHQVLRQVRIWKH
FRQFHSWDQGRIW\SLFDOFRRFFXUUHQFHSDUWQHUVIURPDIXQFWLRQDOSRLQWRIYLHZ
FDXVHVRIIHDUH[SHULHQFHUVRIIHDUHWF
E 6HPDQWLFSURVRG\RQWKHRWKHUKDQGLVDFRQQRWDWLRQWKDWFDQEHWUDQV
IHUUHGWRDZRUGLI LWFRRFFXUVIUHTXHQWO\ZLWKZRUGVFDUU\LQJDSRVLWLYHRU
QHJDWLYHHYDOXDWLYHORDG&ODVVLFH[DPSOHVRIVHPDQWLFSURVRG\LQFOXGH
± µKDSSHQ¶ IRUZKLFK 6LQFODLU  VKRZHG WKDW WKLQJV WKDW KDSSHQ DUH
XVXDOO\QHJDWLYH
± µXWWHUO\¶ ZKLFK /RXZ  VKRZHG WR EH RYHUZKHOPLQJO\ FRPELQHG
ZLWKDGMHFWLYHVH[SUHVVLQJVRPHWKLQJQHJDWLYHDQG
± µFDXVH¶ZKLFKDFFRUGLQJWR6WXEEVFROORFDWHVPRVWIUHTXHQWO\ZLWK
QHJDWLYHQRXQVOLNHKDUPDODUPTXDUUHOGDQJHUHWF
6HPDQWLFSURVRG\WKXVUHYHDOVDQHYDOXDWLYHSRWHQWLDORIWKHH[WHQGHGXQLWRI
PHDQLQJWKDWLVQRWDOZD\VREYLRXVFI&KDQQHOODQGZKLFKWDNHVWKH
DQDO\VLVWRDSUDJPDWLFOHYHO6LQFODLU
6HYHUDODVSHFWVRIVHPDQWLFSURVRG\KDYHEHHQFRQWURYHUVLDOLQUHFHQW\HDUV
2QHRIWKHPLVRYHUWKHSRVVLELOLW\RIDQHYDOXDWLYHFRQQRWDWLRQWKHJRRGRU
EDGVHPDQWLFSURVRG\EHLQJWUDQVIHUUHGIURPRQHOH[LFDOXQLWWRDQRWKHUFI
:LWKVLWW+XQVWRQSRLQWVRXW WKDW WKH LGHDRI WKHFDUU\LQJ
RYHURIDWWLWXGLQDOPHDQLQJIURPRQHFRQWH[WWRDQRWKHUSURYLGHVDJRRGH[SOD
QDWLRQIRULPSOLHGPHDQLQJEXWWKDWWKLVGRHVQRWPHDQWKDWLWQHFHVVDULO\DO
ZD\VKDSSHQV7KHLVVXHLVFOHDUO\EH\RQGWKHVFRSHRIWKLVDUWLFOHKRZHYHULQ
WKHFDVHRIHPRWLRQFRQFHSWVZKLFKLQKHUHQWO\DOUHDG\EHDUDQLPSRUWDQWHYDO
XDWLYHORDGLWLVSUREDEO\QRWWKHPRVWLPSRUWDQWTXHVWLRQ:KDWGRHVPDWWHU
LQWKHFRQWH[WRIDQDO\VLQJHPRWLRQFRQFHSWVLVWKHLGHDWKDWWKHW\SLFDOVXU
URXQGLQJVRIDOH[LFDOXQLWPD\UHYHDODWWLWXGLQDOPHDQLQJDQGHYDOXDWLYHFRQ
QRWDWLRQVWKDWUHODWHWRWKHFRQFHSW
$QRWKHURSHQTXHVWLRQLVZKHWKHUDQDQDO\VLVRIVHPDQWLFSURVRGLHVVKRXOG
FRQFHQWUDWHHVVHQWLDOO\RQSRVLWLYHRUQHJDWLYHHYDOXDWLRQ0RUOH\DQG3DUWLQJ
WRQRULILWLVDOVRXVHIXOWRLGHQWLI\PRUHGLIIHUHQWLDWHGDVSHFWVRIDWWL
WXGLQDOPHDQLQJ+XQVWRQ%HGQDUHNE3RVVLEO\WKHWZRRSWLRQV
DUHPRUHFRPSDWLEOHWKDQLWVHHPVHJWKURXJKWKH³/LQQDHDQVW\OHELQRPLDO
QRWDWLRQ´SURSRVHGE\0RUOH\DQG3DUWLQJWRQVXFKDV>JRRGSOHD
VXUDEOH@ >JRRG EHLQJ LQ FRQWURO@ >௘EDG GLI¿FXOW@ DQG >௘EDG QRW EHLQJ LQ
FRQWURO@
)RUWKHSXUSRVHRIWKLVVWXG\WKRVHFRRFFXUUHQFHVRIWKHHPRWLRQZRUGWKDW
SUHVHQWDQDGGLWLRQDOHYDOXDWLYHORDGZLOOEHUHFRUGHGVHSDUDWHO\ZLWKWKHDLP
RIDVVHVVLQJDSRWHQWLDOSRVLWLYHRUQHJDWLYHFRQQRWDWLRQRIVRPHNLQG
 82VWHU
 $SSO\LQJWKHPHWKRG$FRUSXVEDVHGDQDO\VLVRI³IHDU´
 &RUSXVFKRLFH
)RUWKHSXUSRVHRIWKLVVWXG\WKHUHDUHQRVSHFLDOQHHGVUHJDUGLQJJHQUHPRGH
RUWLPHRIWKHWH[WVLQFOXGHGLQWKHFRUSXV6L]HKRZHYHULVLPSRUWDQWDVHPR
WLRQZRUGVDUHQRWKLJKIUHTXHQF\ZRUGVDQGDYHU\ODUJHDPRXQWRIWH[WPDWH
ULDOLVQHHGHGLQRUGHUWRGUDZFRQFOXVLRQVDERXWWKHLUEHKDYLRXULQFRQWH[W
7KHEHVWFKRLFHWKHUHIRUHZLOOEHXVLQJDYHU\ODUJHJHQHUDOSXUSRVHFRUSXV
RIVHYHUDOKXQGUHGVRIPLOOLRQVRIZRUGVUDWKHUWKDQFRPSLOLQJDFRUSXVWDLORU
PDGHWRWKHQHHGVRIWKHDQDO\VLVDQGQHFHVVDULO\VPDOOHU)RU(QJOLVKWKHUH
DUHVHYHUDOODUJHDQGIUHHO\DYDLODEOHFRUSRUDIURPZKLFK,KDYHFKRVHQWKH
&RUSXVRI&RQWHPSRUDU\$PHULFDQ(QJOLVK'DYLHVFRQWDLQLQJDSSUR[
LPDWHO\PLOOLRQZRUGVDWWKHWLPHRIWKHVHDUFK7KLVFRUSXVLVFRQWLQXDOO\
XSGDWHGZKLFKPHDQVWKDWUHVXOWVPD\FKDQJHVOLJKWO\ZKHQDVHDUFKLVFDUULHG
RXWDWGLIIHUHQWPRPHQWVLQWLPH
 6HDUFKSURFHVV
2XWRIWKHUDQJHRISRVVLELOLWLHVRIIHUHGE\FRUSXVDQDO\VLVVRIWZDUHLQFOXGLQJ
ZRUGOLVWVVWDWLVWLFVRIZRUGIUHTXHQFLHVFRQFRUGDQFHVDQGNH\ZRUGVLQFRQ
WH[WWKHPRVWXVHIXOWRROIRUVHPDQWLFDQDO\VLVVHHPVWREHWKDWRIH[WUDFWLQJ
DOLVWRIFRRFFXUUHQFHVIRUDJLYHQVHDUFKZRUG7KLVLVWKHVHPLDXWRPDWLF
SDUWRIWKHDQDO\VLVDOWKRXJKWKLVGRHVQRWPHDQWKHUHDUHQRGHFLVLRQVWREH
WDNHQLQWKLVSKDVHRIWKHSURFHVV7KHUHDUHODUJHGLIIHUHQFHVLQWKHVHDUFKID
FLOLWLHVRIIHUHGDQGWKHW\SHRIGDWDSURYLGHG(YHQLIWKLVGRHVQRWLQÀXHQFHWKH
UHVXOWVRIWKHVWXG\GLUHFWO\WKHDYDLODELOLW\RUDEVHQFHRIFHUWDLQIDFLOLWLHVLV
ERXQGWRPDNHWKHVHDUFKSURFHVVHLWKHUHDVLHURUPRUHFXPEHUVRPH7KHIRO
ORZLQJDUHDIHZRIWKHIHDWXUHVDIIRUGHGE\PRVWFRUSRUDDQGZKLFK,KDYH
IRXQGXVHIXOLQRUGHUWRUDWLRQDOL]HWKHVHDUFKSURFHVV
5HJDUGLQJWKHVHDUFKZRUGQRGH
± 6HDUFKLQJE\OHPPDVZKLFKPDNHVLWSRVVLEOHWR¿QGGLIIHUHQWIRUPVRI
WKHOH[LFDOXQLWLQRQHVHDUFK7KLVPLJKWQRWEHUHOHYDQWLQRXUFDVHEH
FDXVHWKHUHVXOWRIWKHVHDUFKIRUµIHDU¶ZLOODXWRPDWLFDOO\LQFOXGHWKHRF
FXUUHQFHVRIWKHSOXUDOQRXQµIHDUV¶+RZHYHULWGRHVPDWWHULQODQJXDJHV
LQZKLFK WKH SOXUDO RU RWKHU LQÀHFWLRQDO IRUPV GLIIHUPRUH VXEVWDQWLDOO\
IURPWKHVLQJXODU IRUPHJ WKH*HUPDQµ$QJVW¶/µbQJVWH¶RUZKHQ WKH
VHDUFKZRUGLVDYHUE
 ,WKDVEHHQVKRZQWKDWGLIIHUHQWIRUPVRIWKHVDPHOHPPDFDQEHKDYHGLIIHUHQWO\$OWKRXJK
WKLVLVDOVRWUXHIRUµIHDU¶/µIHDUV¶WKHVHGLIIHUHQFHVKDYHQRWEHHQDQDO\VHGLQGHSWKVLQFHWKH
IRFXVRI WKLVUHVHDUFKLVRQWKHRYHUDOOEHKDYLRXURI WKHFRQFHSW WDNLQJWRJHWKHU LWVRFFXU
UHQFHVLQVLQJXODUDQGLQSOXUDOIRUP
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
± /LPLWLQJWKHVHDUFKE\WKHSDUWRIVSHHFK326RIWKHVHDUFKZRUG&RO
ORFDWLRQVPD\ GLIIHU FRQVLGHUDEO\ EHWZHHQ WKH QRXQ µIHDU¶ DQG WKH YHUE
µIHDU¶7KLV LVHVSHFLDOO\ LPSRUWDQW LQFRQWUDVWLYHVWXGLHVDV LQPRVW ODQ
JXDJHVYHUEDQGQRXQGRQRWFRLQFLGHLQWKHLUIRUP
5HJDUGLQJWH[WV
± &KRRVLQJSDUWLFXODUVXEFRUSRUDDFFRUGLQJWRJHQUHRUWLPH)RUWKHSXU
SRVHRIWKLVVWXG\WKHRQO\UHVWULFWLRQLQWKLVVHQVHZDVWKHOLPLWDWLRQWR
ZULWWHQVRXUFHV ,QFRQWUDVWLYHVWXGLHV WKLVFDQEHDOVRXVHG WRPDNH WKH
FRUSRUDPRUHFRPSDUDEOHE\IRUH[DPSOHH[FOXGLQJJHQUHVWKDWDUHQRW
SUHVHQWLQDQRWKHUFRUSXV
5HJDUGLQJFRRFFXUUHQFHV
± 'LIIHUHQWLDWLQJ WKH VHDUFK ZLWK UHVSHFW WR WKH 326 RI WKH FRRFFXUULQJ
ZRUG7KLVLVXVHIXOLQRUGHUWRIDFLOLWDWHWKHVXEVHTXHQWSKDVHRIFODVVLI\
LQJWKHFRRFFXUUHQFHV)RUH[DPSOHFRQFHSWXDOPHWDSKRUVDQGPHWRQ\
PLHV DUH RIWHQ H[SUHVVHG WKURXJK YHUEV DQG QRXQV ZKLOH DQ DGMHFWLYH
VHDUFKZLOOUHYHDOPDQ\WKLQJVDERXWKRZWKHHPRWLRQLVGHVFULEHG,WDOVR
PDNHVLWSRVVLEOHWRDGMXVWWKHVHDUFKVSDQDFFRUGLQJWR326)RUH[DPSOH
WKH FODVVLF ZRUG VSDQ LV DGHTXDWHZKHQ ORRNLQJ IRU QRXQV DQG YHUEV
+RZHYHU VHDUFKLQJ IRU DGMHFWLYHV DQG SUHSRVLWLRQVZLWK WKH VDPH VSDQ
SURGXFHVDORWRIQRLVHDQG,FKRVHWRUHGXFHLWWRIRUWKHVH
± 6HDUFKLQJQRWRQO\IRUFRRFFXUUHQFHVEXWDOVRIRUFRPSRXQGVFRQWDLQLQJ
WKHVHDUFKZRUGLHIHDUIHDU7KLVLVHVSHFLDOO\LQWHUHVWLQJLQYLHZRI
FRQWUDVWLYH VWXGLHV WKDW FRPELQH ODQJXDJHV ZKRVH WHQGHQFLHV WRZDUGV
FRPSRXQGLQJDUHQRWHTXDOO\VWURQJ,KDYHIRXQGLWXVHIXOKRZHYHU WR
H[FOXGHOH[LFDOLVHGFRPSRXQGVHJIHDUIXO࣠DVWKHLUH[WUHPHO\KLJKIUH
TXHQF\PD\GLVWRUWWKHUHVXOWVFRQVLGHUDEO\
5HJDUGLQJUHVXOWV
± *URXSLQJUHVXOWVE\OHPPDV7KLVPHDQVWKDWGLIIHUHQWIRUPVRIDZRUGDUH
FRXQWHGWRJHWKHUDQGVKRZQLQWKHLUXQLQÀHFWHGIRUP([DPSOHVLQFOXGH
SDUDO\]HSDUDO\]HGĺSDUDO\]HWHUURUWHUURUVĺWHUURU
± 8VLQJGLIIHUHQWSRVVLELOLWLHVIRUVRUWLQJWKHUHVXOWV)RUH[DPSOHLWFDQEH
XVHIXOWRFDUU\RXWDVHDUFKWZLFHVRUWLQJLWRQFHE\DEVROXWHIUHTXHQF\DQG
RQFHE\RQHRIWKHVWDWLVWLFDOPHDVXUHVRIIHUHGE\WKHFRUSXVWKDWDUHLQ
WHQGHGWRHVWDEOLVKWKHUHOHYDQFHRIDFROORFDWLRQ,QWKLVZD\RQH¿QGV
ERWK WKHPRVW IUHTXHQW FROORFDWHV DQG WKRVH WKDW DSSHDU HVSHFLDOO\RIWHQ
WRJHWKHUZLWKWKHQRGH
± (VWDEOLVKLQJDPLQLPXPIUHTXHQF\RIFRRFFXUUHQFH LQRUGHU WRH[FOXGH
H[WUHPHO\UDUHFRPELQDWLRQV7KLV LVHYHQPRUH LPSRUWDQWZKHQXVLQJD
 &RPPRQO\ XVHG PHDVXUHPHQWV RI WKLV W\SH DUH WKH 0,LQGH[ PXWXDO LQIRUPDWLRQ ORJ
OLNHOLKRRGRUWVFRUH
 82VWHU
PHDVXUHOLNHWKH0,LQGH[,IQRPLQLPXPIUHTXHQF\LVVHWYHU\VWUDQJH
ZRUGVRUHYHQW\SRVVFRUHYHU\KLJKO\RQWKLVLQGH[GHVSLWHWKHIDFWWKDW
WKH\RQO\RFFXURQFHRUWZLFHLQWKHZKROHFRUSXV௘²௘EHFDXVHWKH\DOZD\V
GRLQFRPELQDWLRQZLWKWKHVHDUFKZRUG
± (VWDEOLVKLQJDPD[LPXPQXPEHURIKLWV7KLVFDQEHXVHGDVDPHDQVWR
NHHS WKH DPRXQW RI GDWD WKDW KDV WR EH DQDO\VHGRQ DPDQDJHDEOH OHYHO
ZLWKRXWKDYLQJWROLPLWWKHDQDO\VLVWRUDQGRPVDPSOHV
7DEOHVKRZVWKHVHDUFKHVWKDWZHUHFDUULHGRXWDSSO\LQJWKHVHFULWHULD
 &ODVVL¿FDWLRQSURFHVV
)ROORZLQJWKHVHDUFKSURFHVVGHVFULEHGDERYHWKHFRUSXVSURYLGHVXVZLWKD
OLVWRIFRRFFXUUHQFHVRUUDWKHUVHYHUDOOLVWVLIFRPSOH[VHDUFKHVDUHFDUULHG
RXW,QWKHVHFRQGTXDOLWDWLYHSKDVHWKHVHOLVWVDUHWKHQDQDO\VHGDQGFODVVL
¿HG&ODVVLI\LQJWKHFRRFFXUUHQFHVPHDQVGHFLGLQJZKHWKHUWKH\DUHUHOHYDQW
IRURQHRUPRUHRIWKHIROORZLQJSRLQWV
D 7KHPHWDSKRULFDO XQGHUVWDQGLQJ RI WKH HPRWLRQ HJ RYHUZKHOPHG E\
IHDUĺ)($5,6$1$77$&.(5
7DEOH 6HDUFKHVFDUULHGRXWLQWKH&2&$FRUSXV
6HDUFK
VWULQJ
326RI
FRRFFXUUHQFH
6RUWHGE\ 0LQLPXP
IUHTXHQF\
OHIW/ULJKW
VSDQ
0D[LPXPQR
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 7KHPXWXDO LQIRUPDWLRQ LQGH[ FRPSDUHV WKH REVHUYHG IUHTXHQF\ RI FRRFFXUUHQFH RI WZR
LWHPVWRZKDWFRXOGEHVWDWLVWLFDOO\H[SHFWHGLIWKH\RQO\FRRFFXUUHGE\FKDQFH
 $GGLWLRQDOO\ IRU DOO VHDUFKHV WKH VHFWLRQV RI WKH FRUSXVZHUH OLPLWHG WR¿FWLRQPDJD]LQH
QHZVSDSHUDQGDFDGHPLFDQGWKHUHVXOWVZHUHDOZD\VJURXSHGE\OHPPDV
 ,QWKHVHFDVHVWKHUHZDVQRQHHGWRGHWHUPLQHDPD[LPXPQXPEHURIKLWVEHFDXVHWKHUHZHUH
OHVVWKDQFRRFFXUUHQFHVZLWKDPLQLPXPIUHTXHQF\RIWZR
 ,WSURYHGXVHIXOWRVHDUFKVHSDUDWHO\IRUSUHSRVLWLRQVRFFXUULQJEHIRUHDQGDIWHUWKHQRXQHJ
IHDULQRQH¶VKHDUWYVWREHLQIHDU
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
E (YLGHQFHIRUPHWRQ\PLFXVDJHVHJFKRNHĺ'LVWXUEHGEUHDWKLQJDVD
VLJQIRUIHDU
F 5HODWLRQVKLSVWRRWKHUHPRWLRQFRQFHSWVHJORDWKLQJ
G $GHVFULSWLRQRIWKHHPRWLRQHJHYHUSUHVHQW
H $QHYDOXDWLRQRIWKHHPRWLRQHJKLGGHQ
2IFRXUVHQRWHYHU\FRRFFXUUHQFHLVUHOHYDQWIRU WKHDQDO\VLV(YHQKLJKO\
IUHTXHQWLWHPVPD\QRWUHYHDODQ\WKLQJDERXWDQ\RIWKH¿YHFDWHJRULHV,QWKH
FDVHRIIHDUVRPHRIWKHVH³XQUHYHDOLQJ´FRRFFXUUHQFHVZHUHIRUH[DPSOH
IDFWRUZD\RUGD\,QDVHFRQGVWHSWKLVNLQGRITXDOLWDWLYH¿OWHULQJLVDOVR
XVHGWRFKHFNWKHTXDQWLWDWLYHUHVXOWV7KLVPHDQVWKDWZKHQDFROORFDWHLVFODV
VL¿HGLQWRRQHRIWKHFDWHJRULHVDFORVHUH[DPLQDWLRQRIWKHFRQWH[WVLVFDUULHG
RXW LQRUGHU WRFRXQWRQO\ WKRVH LQVWDQFHV WKDWDUHDFWXDOO\UHOHYDQW)RUH[
DPSOHLQWKH&2&$FRUSXVµEDG¶DQGµIHDU¶FRRFFXUWLPHVEXWRQO\RI
WKHFRQWH[WVFDQEHFRQVLGHUHGUHOHYDQW LQ WKHVHQVHWKDWµEDG¶ LVXVHGDVDQ
LQWHQVL¿HURIµIHDU¶OLNHLQWKHIROORZLQJH[DPSOHV
<HDU &RUSXVVHFWLRQ 7LWOH &RQFRUGDQFHOLQH


1(:6
),&
:DVKLQJWRQ3RVW
%N6)7HPSWDWLRQV6W
,MXVWIHOWWRWDOO\WUDSSHG,GLGQRWNQRZZKDW
WRGRDQGWKHIHDUJRWVREDG,ZDVXQDEOHWR
IXQFWLRQOLNHLQP\QRUPDOOLIH´
JHWKXUW$VDIHZD\,¿JXUHGRIRYHUFRPLQJ
DUHDOEDGIHDU%HVLGHV\RXSUREDEO\DOVR
UHFDOOKRZ,UHDFWHGZKHQWKH2OG*X\WROG
2QWKHRWKHUKDQGWKHIROORZLQJFRQWH[WVDUHOHIWRXWLQWKHFRXQWRIUHOHYDQW
H[DPSOHV
<HDU &RUSXVVHFWLRQ 7LWOH &RQFRUGDQFHOLQH


0$*
1(:6
*ROI0DJ
:DVK0RQWK
SRZHUIXOVZLQJ0$1<2)86JHWFDXJKWXSLQ
VZLQJWKRXJKWVDQGRXUIHDURIKLWWLQJEDGVKRWVD
FRPELQDWLRQWKDWUHVXOWVLQZKDWHOVH௘²௘EDGVKRWV
GHFLGHQRWWRKROGDVPDQ\OREE\LVWVSRQVRUHG
IXQGUDLVLQJHYHQWVHVSHFLDOO\LQ:DVKLQJWRQIRUIHDU
RIEDGSXEOLFLW\DQGSRVVLEOHLQGLFWPHQWDJDLQVW
WKHPVHOYHVDQGUDLVHPXFKPRUHRI
 7KH LGHQWL¿FDWLRQ RI PHWDSKRULFDO H[SUHVVLRQV 7KH PHWDSKRULFDO
FRQFHSWXDOLVDWLRQRIWKHHPRWLRQFRQFHSWLVWKHPDLQIRFXVRIWKLVDQDO\VLVDQG
KDVDOVREHHQWKHREMHFWRIH[WHQVLYHSUHYLRXVUHVHDUFK,ZLOOWKHUHIRUHH[SODLQ
WKHLGHQWL¿FDWLRQDQGFODVVL¿FDWLRQSURFHVVRIWKHPHWDSKRULFDOH[SUHVVLRQVLQ
PRUHGHWDLO
 82VWHU
7KHLGHQWL¿FDWLRQSURFHVVIROORZVWKHFRUHRIWKHSURFHGXUHSURSRVHGE\WKH
3UDJJOHMD]*URXS$VZHDUHQRWGHDOLQJZLWKOLQHDUWH[WXDODQDO\VLV
WKRXJKEXWVWDUWLQJZLWKDOLVWRIFRRFFXUUHQFHVWKHRUGHURIVWHSVKDVWREH
GLIIHUHQW
D 7KHOLVWRIFRRFFXUUHQFHVLVVFDQQHGIRUSRVVLEOHFDQGLGDWHVWKDWPLJKWEH
SDUWRIDPHWDSKRULFDOH[SUHVVLRQ
E &RQWH[WVRIWKHVHDUHUHWULHYHGFRQFRUGDQFHOLQHV
F ,WLVHVWDEOLVKHGZKHWKHUWKHUHLVDFRQWUDVWEHWZHHQFRQWH[WXDOPHDQLQJ
DQGWKHPRUHEDVLFPHDQLQJRIWKHOH[LFDOXQLWLHDPRUHFRQFUHWHRU
SUHFLVHPHDQLQJRQHWKDWLVUHODWHGWRERGLO\DFWLRQRUWKDWLVKLVWRULFDOO\
ROGHUFI3UDJJOHMD]*URXS
G 2QO\WKRVHLQVWDQFHVLQZKLFKDFRQWUDVWH[LVWVDUHFRXQWHG
7KHTXDOLWDWLYHFRQWH[WEDVHG¿OWHULQJPHQWLRQHGDERYHLVHVSHFLDOO\UHOHYDQW
ZLWKUHVSHFWWRPHWDSKRULGHQWL¿FDWLRQ1RWRQO\LVLWXVHGWRHVWDEOLVKZKHWKHU
DQH[SUHVVLRQLVXVHGPHWDSKRULFDOO\EXWDOVRZKHWKHULWLVXVHGLQPRUHWKDQ
RQHVHQVH)RUH[DPSOHLWFDQKDSSHQWKDWRQHSDUWRIWKHLQVWDQFHVRIDFR
RFFXUULQJ OH[LFDO LWHP LV FODVVL¿HG LQRQH FDWHJRU\ZKLOH DQRWKHUSDUW LV LQ
DQRWKHU6RVRPHLQVWDQFHVRIWKHFRRFFXUUHQFHRYHUULGHZHUHFODVVL¿HGDVDQ
H[SUHVVLRQRIWKHPHWDSKRU)($5,6620(7+,1*7+$7'20,1$7(6
<HDU &RUSXVVHFWLRQ 7LWOH &RQFRUGDQFHOLQH
 $&$' )RUHLJQ$IIDLUV WRVLJQDOWKDWWKH8QLWHG6WDWHVZDVQRWSUHSDUHG
WRGHIHQGORFDOJRYHUQPHQWVWKHIHDURI6RYLHW
FRQWURORYHUURGHWKHVHFRQFHUQV,QLQ
UHVSRQVHWRLQFUHDVHGLQVWDELOLW\
2WKHUV OLNH WKH IROORZLQJ EHORQJ WR WKH FDWHJRU\ )($5 ,6 620(7+,1*
7+(6(/)),*+76%$&.$*$,167
<HDU &RUSXVVHFWLRQ 7LWOH &RQFRUGDQFHOLQH


),&
),&
%N6),ULV
/LWHUDU\5HY
,WZDVDOOIDVFLQDWLQJEXWQRWTXLWHIDVFLQDWLQJHQRXJK
WRRYHUULGHWKHJURZLQJIHDULQKHU'HVSLWHWKHIDFW
WKDWLWZDV\HWWRFRPHRQIRUPDOO\
KDYLQJWROGKLP,¶GEHHQDWHDFKHU"$QGLI,KDG
RYHUULGGHQIHDUDQGGDUHGDVNKLP'RQQ\SOHDVH
FORVHWKHFXUWDLQZRXOGQ¶W,
 ,QFDVHRIGRXEWWKH0HUULDP:HEVWHU2QOLQHGLFWLRQDU\ZDVXVHGIRUHVWDEOLVKLQJWKLVFRQ
WUDVW:KHQWKHUHZHUHPRUHWKDQFRQWH[WVIRUDFRRFFXUUHQFHWKHWRWDOQXPEHURIPHWD
SKRULFDOFRQWH[WVZDVHVWLPDWHGRQWKHEDVLVRIWKHSURSRUWLRQIRXQGLQWKH¿UVWLQVWDQFHV
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
$VDFHUWDLQGHJUHHRIVXEMHFWLYLW\LQWKHFODVVL¿FDWLRQRIPHWDSKRULFDOH[SUHV
VLRQVLVLQHYLWDEOHWKLVSURFHVVZDVGRQHLQVHYHUDOVWHSV)LUVWDOOWKHH[SUHV
VLRQVZHUHFODVVL¿HGLQGHSHQGHQWO\E\WZRUHVHDUFKHUV7KHGLVFXVVLRQRIGL
YHUJHQFHVLQWKHFODVVL¿FDWLRQVOHGWRWKHHVWDEOLVKPHQWRIVSHFL¿FFULWHULDIRU
SUREOHPDWLFFDVHVZKLFKZHUHWKHQDSSOLHGFRKHUHQWO\WRWKHZKROHGDWDVHW
7KH¿QDOUHVXOWZDVWKHQFKHFNHGDJDLQE\ERWKUHVHDUFKHUV7KHFULWHULDDUH
WKHIROORZLQJ
± ,QWKHFDVHWKDWDQH[SUHVVLRQFRXOGEHLQWHUSUHWHGDFFRUGLQJWRPRUHWKDQ
RQHPHWDSKRU HJJULSSHGE\ IHDU DVDQ LQVWDQFHRI)($5,6$1$7
7$&.(5RU)($5,6$+80$1%(,1*WKHDQDO\VLVLV¿UVWGRQHRQWKH
KLJKHVW OHYHORI WKH W\SRORJ\*ULSSHGE\ IHDU IRU LQVWDQFHVHHPVPRUH
LQGLFDWLYHRIWKHFRQFHSWXDOLVDWLRQRI³IHDU´DVDQ$17$*21,67WKDQDV
DQ $872120286 )25&( ,W LV WKHUHIRUH FODVVL¿HG LQ WKH FDWHJRU\
)($5,6$1$77$&.(5
± ,IDQH[SUHVVLRQLVDOUHDG\PHWDSKRULFDOLQWKHVRXUFHGRPDLQRQO\WKHODVW
OLQNLQWKLVPHWDSKRULFDOFKDLQLVWDNHQLQWRDFFRXQW)RUH[DPSOHWKHFR
RFFXUUHQFHRIµIHDU¶ZLWKVHYHUHRUVWULFNHQZLWKLVFODVVL¿HGDVDQLQVWDQFH
RI)($5,6$1,//1(66LUUHVSHFWLYHRIWKHIDFWWKDWLQFRPELQDWLRQZLWK
DQ LOOQHVV WKHVH FRXOG LQ WXUQEH LQWHUSUHWHGDVPHWDSKRULFDO 7+( ,//
1(66,6$+80$1%(,1*/ $:($321
 7KHFODVVL¿FDWLRQRIPHWDSKRULFDOH[SUHVVLRQV 7KHVWDUWLQJSRLQWIRU
WKHFODVVL¿FDWLRQRIWKHPHWDSKRUH[SUHVVLRQVLGHQWL¿HGLQWKLVZD\LVDW\SRO
RJ\WKDWZDVLWVHOIWKHUHVXOWRIDFRUSXVEDVHGFRQWUDVWLYHDQDO\VLVRIVHYHUDO
HPRWLRQ FRQFHSWV LQFOXGLQJ ³IHDU´ ³HQY\´ DQG ³SULGH´ 2VWHU  7KLV
VWXG\FRQ¿UPHG WKDWPRVWPHWDSKRUV IRXQG LQ WKHFRUSXVGDWDFRXOGEHDF
FRXQWHGIRUE\RQHRIWKHPHWDSKRUW\SHVGHVFULEHGLQWKHOH[LFDODSSURDFKEXW
LWDOVRLQWURGXFHVVRPHDGGLWLRQDOVXEW\SHV
7+((027,21,6
$ 620(7+,1*,16,'(7+(%2'<
% $)25&(
 L $1$17$*21,67
 LL $1$872120286)25&(
 LLL $1$872120286%(,1*7+28*+67,//3$572)7+(
3(5621
& $1,//1(66/ ,16$1,7<
' $12%-(&7
( $3/$&(/ $&217$,1(5
 82VWHU
7KLV W\SRORJ\ LV RI FRXUVH KHDYLO\ LQÀXHQFHG E\ .|YHFVHV¶ VWXGLHV EXW LW
JURXSVWKHW\SHVRIPHWDSKRUGLIIHUHQWO\)XUWKHUPRUH WKHFRQFHSWXDOPHWD
SKRUVDWWKHKLJKHVWOHYHORIDEVWUDFWLRQDUHIRUPXODWHGLQDVOLJKWO\PRUHJHQ
HUDOZD\LQRUGHUWRDFFRXQWIRUPLQRUGLIIHUHQFHVLQPHWDSKRULFDOH[SUHVVLRQV
EHWZHHQODQJXDJHVZLWKRXWSRVWXODWLQJFRQFHSWXDOPHWDSKRUVWKDWGLIIHUDWWKH
KLJKHVWOHYHO
)RU H[DPSOH W\SH$ 7+( (027,21 ,6 620(7+,1* ,16,'( 7+(
%2'< LV VLPLODU WR.|YHFVHV¶FRQFHSWXDOPHWDSKRU7+((027,21,6$
)/8,',1$35(6685,=('&217$,1(57KHPRUHJHQHUDO IRUPXODWLRQ
XVHGKHUHRZHV WR WKH IDFW WKDW LQ6SDQLVKDQG*HUPDQ IHZH[DPSOHVZHUH
IRXQGWKDWHYLGHQFHWKHFRQFHSWXDOL]DWLRQRIWKHHPRWLRQDVDÀXLGDQGHYHQ
IHZHUWKDWZRXOGPDNHRQHWKLQNRIDSUHVVXUL]HGFRQWDLQHU
,Q WKH FDVH RI FRQFHSWXDOPHWDSKRU% 7+((027,21 ,6$)25&(
ZKDWWKHWKUHHVXEW\SHVKDYHLQFRPPRQLVWKDWWKHHPRWLRQLVFKDUDFWHULVHGE\
EHLQJDGLVWLQFWHQWLW\WKDWLVDXWRQRPRXVXSWRWKHSRLQWRIDFRQFHSWXDOL]DWLRQ
DVDSHUVRQRUDQDQLPDO,GLVWLQJXLVKWKUHHVXEW\SHVWKDWKLJKOLJKWGLIIHUHQW
IHDWXUHV
L $1$17$*21,677KHHPRWLRQLVDQH[WHUQDOIRUFHWKDWDWWDFNVWKH
VHOIDQGLVIRXJKWDJDLQVW
LL $1$872120286)25&(7KHHPRWLRQLVDIRUFHWKDWDFWVLQGHSHQ
GHQWO\DQGLVQRWFRQWUROOHGE\WKHVHOI
LLL $1$872120286%(,1*7+28*+67,//3$572)7+(3(5
621+HUHWKHUHLVDVWURQJHUOLQNWRWKHVHOI7KHHPRWLRQLVFRQFHLYHG
DV³DSHUVRQLQVLGHWKHSHUVRQ´ZKLFKFDQEHSDVVLYHVKHKXUWP\SULGH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RUDFWLYHLILWDFWVLQVWHDGRIWKHVHOI6SDQLVKPLRUJXOORVHVXEOHYD
'HSHQGLQJRQ WKHNLQGRI HPRWLRQZHDUH ORRNLQJDW VRPH W\SHV DUHPRUH
UHOHYDQW WKDQRWKHUV)RUH[DPSOH LQ WKHFDVHRIQHJDWLYHHPRWLRQFRQFHSWV
OLNH³IHDU´RU³HQY\´WKHUHLVDSUHGRPLQDQFHRIPHWDSKRULFDOH[SUHVVLRQVWKDW
UHSUHVHQW WKHHPRWLRQDVFRPLQJIURPWKHRXWVLGHDQGDWWDFNLQJ WKHSHUVRQ
(PRWLRQVOLNH³SULGH´RQWKHRWKHUKDQGZKLFKFDQEHVHHQDVSRVLWLYHDUH
PRUH IUHTXHQWO\ VHHQ DV DQ HQWLW\ZKLFKEHORQJV WR WKH SHUVRQ HYHQ LI LW LV
DXWRQRPRXV
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(027,21,6)25&(DVVXJJHVWHGE\.|YHFVHV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DQGFRQVLGHUWKHPVSHFL¿F
OHYHOLQVWDQWLDWLRQVRIWKLVPHWDSKRU+RZHYHU(027,21,6)25&(LVXVHGKHUHLQDPRUH
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23321(17$872120286
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HQWLDWLQJ WUDLWV RI WKH WKUHHPDMRUPHWDSKRUV $ĺ620(7+,1* ,16,'( %ĺ)25&(
&ĺ,//1(66/0$'1(662QWKHRWKHUKDQGLWGRHVQRWVHHPSRVVLEOHWRLQFOXGHW\SHV'
7+((027,21,6$12%-(&7DQG(7+((027,21,6$3/$&(/&217$,1(5LQ
WKH(027,21,6)25&(JHQHULFOHYHOPHWDSKRU
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
 )LQGLQJHYLGHQFHIRUFRQFHSWXDOPHWRQ\P\ ,QWKHOH[LFDODSSURDFK
WRWKHVWXG\RIHPRWLRQVZHVSHDNRIFRQFHSWXDOPHWRQ\P\ZKHQDQHPRWLRQ
LV UHSUHVHQWHGE\ LWVSK\VLRORJLFDO HIIHFWVRUE\ WKHEHKDYLRXUDO UHDFWLRQV LW
JHQHUDWHV7KLVPDNHVWKHOLPLWDWLRQRIWKHFRUSXVEDVHGPHWKRGDVH[SODLQHG
DERYHHVSHFLDOO\UHOHYDQW2ZLQJWRWKHPHWKRGRORJLFDOQHFHVVLW\RILQFOXGLQJ
WKH QRGH µIHDU¶ LQ WKH FRUSXV VHDUFK LW LV RQO\ SRVVLEOH WR¿QG LQVWDQFHV RI
SK\VLRORJLFDOHIIHFWVRUEHKDYLRXUDOUHDFWLRQVLIWKHHPRWLRQLWVHOILVDOVRPHQ
WLRQHGZKHUHDVWKHUHGRHVQRWVHHPWREHDVWUDLJKWIRUZDUGZD\RIWUDFLQJLQ
VWDQFHVLQZKLFKWKHSK\VLFDOHIIHFWDFWXDOO\VWDQGVIRUWKHHPRWLRQ1HYHUWKH
OHVV WKH FRRFFXUUHQFHV LQFOXGH PDQ\ H[SUHVVLRQV WKDW HYLGHQFH YDULRXV
SK\VLFDO RU EHKDYLRXUDO HIIHFWV RI WKH HPRWLRQ $Q DQDO\VLV RI WKHVH FR
RFFXUUHQFHVFDQSUREDEO\SURYLGHXVZLWKLQWHUHVWLQJLQVLJKWVLQWRWKHTXHVWLRQ
RIZKLFKHIIHFWVDUHSUHYDOHQWLQWKHFRQFHSWXDOL]DWLRQRIDQHPRWLRQLQDJLYHQ
ODQJXDJH/FXOWXUH
 :D\VRITXDQWLI\LQJWKHUHOHYDQFHRIUHVXOWV
0DQ\FRUSXVEDVHGVHPDQWLFVWXGLHVPDNHXVHRIFRUSXVGDWDLQRUGHUWRREWDLQ
RQO\TXDOLWDWLYHLQIRUPDWLRQRQWKHLUVXEMHFW)RUH[DPSOHLQKLVDFFRXQWRI
FRUSXV VWXGLHV LQ OH[LFDO VHPDQWLFV DQG WKH UROH RI FRRFFXUUHQFH DQDO\VLV
6WXEEVFKRRVHVQRWWRSUHVHQWDQ\¿JXUHVRQWKHVWDWLVWLFDOVLJQL¿
FDQFHRI WKHGDWD7KHWZRPDLQUHDVRQVSUHVHQWHGIRU WKLVGHFLVLRQDUHWKDW
YDULDEOHV LQQDWXUDO ODQJXDJHWH[WVDUHQRWUDQGRPO\GLVWULEXWHGDQGWKDW WKH
OHYHOVRIFRRFFXUUHQFHDUHIDUDERYHZKDWRQHPLJKWH[SHFWE\FKDQFH
+RZHYHUHYHQLIWKHOLQJXLVWLFGDWDLQWH[WFRUSRUDLVQRWUDQGRPO\GLVWULE
XWHGWKLVGRHVQRWPHDQWKDWVWDWLVWLFDQDO\VLVFDQQRWEHSHUIRUPHGRUWKDWLWV
UHVXOWVDUHQRWPHDQLQJIXO,QIDFWWKHSRVVLELOLW\RITXDQWLI\LQJUHVXOWVLVRQH
RIWKHPDLQDGYDQWDJHVRIWKHFRUSXVEDVHGDSSURDFK2QO\WKLVZLOOHQDEOHXV
WRDVVHVVWKHSURGXFWLYHQHVVRIFHUWDLQPHWDSKRUVDQGWRPDNHFRPSDULVRQV௘²௘
HLWKHULQWUDOLQJXLVWLFDOO\IRUH[DPSOHIRUTXHVWLRQVOLNH³$UHWKHUHPHWDSKRUV
WKDWDUHPRUHIUHTXHQWIRUVRPHHPRWLRQVWKDQIRURWKHUV"´FI6WHIDQRZLWVFK
RU³'RZHXVHWKHVDPHW\SHRIPHWDSKRUVQRZDVZHGLGWZRKXQGUHG
\HDUVDJR"´RULQWHUOLQJXLVWLFDOO\³,VDFHUWDLQW\SHRIPHWDSKRUPRUHIUHTXHQW
LQRQHODQJXDJHWKDQLQDQRWKHU"´
2QHFRPPRQZD\RITXDQWLI\LQJWKHUHOHYDQFHRIFROORFDWLRQVLVWKHPXWXDO
LQIRUPDWLRQLQGH[+RZHYHUWKLVLQGH[WHQGVWRJLYHKLJKVFRUHVWRYHU\UDUH
ZRUGV,QYLHZRIWKHVHGLI¿FXOWLHV,KDYHDGRSWHGDQDSSURDFKWKDWLVEDVHGRQ
.|YHFVHV¶UHÀHFWLRQWKDW³WKHPRUHIUHTXHQWDQGQXPHURXVWKHOLQJXLVWLF
PHWDSKRULFDOH[SUHVVLRQVOLQNLQJWKHWZRGRPDLQVWKHPRUHVWDEOHWKHFRQQHF
WLRQV EHWZHHQ WKHP LQ WKH EUDLQPD\ EH´  .|YHFVHV¶ K\SRWKHVLV
DFWXDOO\VHHPVWROLQNWKHWZRREVHUYDEOHSDUDPHWHUVIUHTXHQF\DQGTXDQWLW\
RIPHWDSKRULFDOH[SUHVVLRQVWRWKHFRJQLWLYHHQWUHQFKPHQWRIWKHPHWDSKRUV
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LQWKHKXPDQEUDLQ7KLVLVDSODXVLEOHK\SRWKHVLVEXW,GRQRWZDQWWRWDNHWKH
FRQFOXVLRQVIURPDFRUSXVEDVHGVWXG\WKLVIDU1HYHUWKHOHVV,WKLQNWKDWWKHVH
SDUDPHWHUVDUHXVHIXOLQRUGHUWRTXDQWLI\WKHUHOHYDQFHRIFHUWDLQPHWDSKRULFDO
XVDJHVLQDJLYHQFRUSXVDQGLQWKHVHFWLRQRIODQJXDJHLWZDVGHVLJQHGWRUHS
UHVHQWLQWKHFDVHRIRXUVWXG\FRQWHPSRUDU\ZULWWHQ$PHULFDQ(QJOLVK7KH
IROORZLQJSDUDPHWHUVZHUHWKXVDGRSWHGDVDPHDVXUHPHQWRIUHOHYDQFHRIWKH
UHVXOWV
± 7KHQXPEHURIGLIIHUHQWOLQJXLVWLFH[SUHVVLRQVFRRFFXUULQJZLWKµIHDU¶LQ
WKHFRUSXVWKDWDUHDUHDOLVDWLRQRIDFHUWDLQPHWDSKRURUPHWDSKRUVXEW\SH
)RUH[DPSOHWKHUHDUHHLJKWGLIIHUHQWOLQJXLVWLFH[SUHVVLRQVIRUWKHPHWD
SKRU )($5 ,6$%85'(1 RXWZHLJK FDUU\ DOOHYLDWH ZHLJKW IUDXJKW
ZLWKKHDY\IHDUFKDUJHGIHDUODGHQ
± 7KHDEVROXWHIUHTXHQF\RIOLQJXLVWLFH[SUHVVLRQVLHKRZPDQ\WLPHVDQ
LWHPFRRFFXUVZLWK µIHDU¶ )RU H[DPSOH WKH DEVROXWH IUHTXHQF\RIRXW
ZHLJKDVFRRFFXUUHQFHSDUWQHURIµIHDU¶ LQRXUFRUSXV LVDQGIRU WKH
PHWDSKRU)($5 ,6%85'(1 LW LV WKH VXPRIRXWZHLJK >@ FDUU\
>@DOOHYLDWH>@ZHLJKW>@IUDXJKWZLWK>@KHDY\>@IHDUFKDUJHG
>@DQGIHDUODGHQ>@
± 7KH UHODWLYH IUHTXHQF\ LH WKH DEVROXWH IUHTXHQF\ GLYLGHG E\ WKH WRWDO
QXPEHURIFODVVL¿HGPHWDSKRULFDOFRRFFXUUHQFHV)RUH[DPSOHWKHUHOD
WLYHIUHTXHQF\RIRXWZHLJKDVFRRFFXUUHQFHSDUWQHURIµIHDU¶LVRXWRI
DWRWDORIPHWDSKRULFDOFRRFFXUUHQFHV
 5HVXOWV
 &RQFHSWXDOPHWDSKRUV
 0HWDSKRU W\SHV DQG VXEW\SHV :KHQ ORRNLQJ DW WKH UHVXOWV IURPD
TXDOLWDWLYHSRLQWRIYLHZZH¿QGWKDWDOOWKHPDMRUW\SHVRIFRQFHSWXDOPHWD
SKRUEXWRQHDUHXVHGWRH[SUHVVWKHFRQFHSWRI³IHDU´³)HDU´LVGHVFULEHGDVD
)25&(WKDWLVHLWKHUKRVWLOHWRZDUGVWKHVHOI%LRURXWRILWVFRQWURO%LLEXW
 $VSDUDOOHOWRWKHFRUSXVOLQJXLVWLFFRQFHSWV³W\SH´DQG³WRNHQ´VRPHUHVHDUFKHUV*HYDHUW
  .ROOHU   KDYH FDOOHG ³W\SH´ ZKDW LV FDOOHG ³QXPEHU RI GLIIHUHQW
H[SUHVVLRQV´KHUHDQG³WRNHQ´ZKDW,FDOO³DEVROXWHIUHTXHQF\´,QRUGHUWRDYRLGFRQIXVLRQ
EHWZHHQWKHZHOOHVWDEOLVKHGQRWLRQRI³W\SHWRNHQUDWLR´DVDPHDVXUHRIWKHOH[LFDOYDULHW\
RID WH[WDQG WKH³FUHDWLYLW\ UDWLR´,DPJRLQJ WR LQWURGXFH ,SUHIHU WRPDLQWDLQ WKHPRUH
WUDQVSDUHQWWHUPLQRORJ\H[SODLQHGDERYH
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
WKHUHLVQRHYLGHQFHIRUPHWDSKRUVWKDWVWUHVVWKDWWKHHPRWLRQLVSDUWRIWKH
SHUVRQ%LLL)XUWKHUPRUHWKHPHWDSKRULFDOH[SUHVVLRQVIRXQGIRUPHWDSKRU
W\SHV$%&'DQG(VKRZGLVWLQFWIHDWXUHVZKLFKDOORZVDIXUWKHUFODVVL¿FD
WLRQ LQWR VXEW\SHV ,ZLOOQRZEULHÀ\H[SODLQ WKHPRVW LPSRUWDQW DVSHFWVRI
HYHU\PHWDSKRUDQGUHIHUWKHUHDGHUWR$SSHQGL[IRUDFRPSOHWHOLVWRIOLQ
JXLVWLFH[SUHVVLRQVZLWKTXDQWLWLHVLQVTXDUHEUDFNHWVIRUHYHU\PHWDSKRUDQG
PHWDSKRUVXEW\SH
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2QDJHQHUDOOHYHORQHRIWKHPRVWSHUYDVLYHVLJQVIRUWKHFRQFHSWXDOL]DWLRQRI
IHDUDVVRPHWKLQJORFDWHGLQVLGHWKHKXPDQERG\DUHSUHSRVLWLRQDORUDGYHU
ELDOVWUXFWXUHVOLNHIHDULQ࣠SHUVRQVERG\SDUWVVWULNHIHDULQWRIHDU
PRYHV WKURXJK  IHDU LQVLGHRU IHDUZLWKLQ)XUWKHUPRUHZH¿QGDJUHDW
YDULHW\RIFRRFFXUUHQFHVWKDWHYLGHQFHWKDWIHDULVORFDWHGLQRUDIIHFWVVSH
FL¿FERG\SDUWVKHDUWVWRPDFKEORRGHWFRUWKHVRXO
$GGLWLRQDOO\WKHUHDUHPDQ\PHWDSKRULFDOH[SUHVVLRQVWKDWDOORZXVWRVXE
GLYLGHWKHEDVLFFRQFHSWXDOPHWDSKRULQWRVXEW\SHV)RUH[DPSOHPDQ\RIWKH
PHWDSKRULFDOH[SUHVVLRQV௘²௘EXWE\QRPHDQVDOORIWKHP௘²௘DUHUHODWHGWRWKH
FRQFHSWXDOL]DWLRQRIWKHHPRWLRQDVDOLTXLGDQG/RUWRPRUHJHQHUDOPHWDSKRUV
OLNH025(,683)HDULVDOLTXLGLQVLGHWKHERG\ZDYHRIIHDUWULFNOHRI
IHDUIHDUGUDLQVIURPV/RHWFDQGZKHQLWEHFRPHVVWURQJHULWWHQGVWRJRXS
LQ WKHERG\ OLNH D OLTXLG LQ D FRQWDLQHU ULVH LQ/LQVLGH V/R VZDOORZ IRUFH
GRZQRQH¶VIHDUHWF2WKHUDVSHFWVDUHWKDWWKHHPRWLRQFRPHVIURPWKHRXW
VLGH௘࣠࣠¿OOLQVSLUHLQVWLO࣠OHWFWKDWDQHPRWLRQWKDWLVVWURQJLVGHHSLQVLGH
WKHERG\GHHSGHHSVHDWHGLQJUDLQHGSURIRXQGHWFDQGWKDWLWHPDQDWHV
IURPWKHERG\DQGLVWKXVSHUFHSWLEOHVPHOOIHDUVFHQW
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)HDULVDOVRYHU\IUHTXHQWO\XQGHUVWRRGDVDQH[WHUQDOIRUFHWKDWDFWVDJDLQVWWKH
H[SHULHQFHU7KLVFDQWDNHWKHIRUPRIDQDWWDFN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HWFGRPLQDWLRQKDXQWWDNHKROGRIGRPLQDWHHWF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LQJDOOFRQVXPLQJQDJJLQJHWF,WPD\FDXVHSDLQ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WRUWXUHGE\IHDURUEHDEXUGHQEHRXWZHLJKHGE\FDUU\DOOHYLDWHHWF7KH
DWWDFNHUFDQDOVREHFRQFHSWXDOL]HGDVDQHYLOIRUFHKDXQWSRVVHVVHGE\2Q
WKHRWKHUKDQGWKHUHLVWKHSRVVLELOLW\RIFRXQWHUDWWDFNFRQTXHURQH¶VIHDU
RYHUFRPH¿JKW࣠EDFNHWF
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([SUHVVLRQVUHODWLQJWRWKHJHQHUDOLGHDRIIHDUEHLQJDQDXWRQRPRXVIRUFHDFW
LQJLQGHSHQGHQWO\DQGQRWFRQWUROOHGE\WKHSHUVRQDUHVSUHDGXQFRQWUROODEOH
DQGSRZHUIXO0RUHVSHFL¿FDOO\WKHHPRWLRQFDQEHVHHQDVDKXPDQEHLQJRU
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DURXVHDZDNHQFUHHSHWFRUDVDSODQW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
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FUD]\ZLWKIHDUPDGZLWKLQVDQH
ZLWK/  IURP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DVDSLHUFLQJREMHFWHGJHVKDUSDSRVVHVVLRQORVHEULQJ
WDNHHWFDVIRRG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RUDQREVWDFOHEUHDNWKURXJK
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
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7KH FRQFHSWXDOL]DWLRQ RI IHDU DV D SODFH RU FRQWDLQHU LVPDLQO\ H[SUHVVHG
WKURXJKWKHXVHRISUHSRVLWLRQVLQRQH¶VIHDURXWRIIHDUWKURXJKRQH¶VIHDU
RYHURQH¶VIHDU6RPHH[SUHVVLRQVDOVRFRQYH\WKHLGHDRIIHDUDVVRPHWKLQJ
WKDWVXUURXQGVSHRSOHDPLGIHDUWKLFNLQWKHDLU
 )UHTXHQF\RIRFFXUUHQFH $TXLFNJODQFHDWWKHPRVWDQGOHDVWIUH
TXHQW FRRFFXUUHQFHV FI7DEOH VKRZV WZR WKLQJV WKH LPSRUWDQFHRI WKH
FRQFHSWXDOLVDWLRQRI³IHDU´DV620(7+,1*,16,'(7+(%2'<LQ LQWR
KHDUW¿OOLQVSLUHDQGWKHIDFWWKDWSUHSRVLWLRQVHQMR\DVSHFLDOVWDWXV)RXU
RXW RI WKH WHQPRVW IUHTXHQW FRRFFXUULQJ LWHPV DUH SUHSRVLWLRQDO FRQVWUXF
WLRQV DQG WKHVH DUH H[WUHPHO\ IUHTXHQW LQ FRPSDULVRQ WRRWKHUPHWDSKRULFDO
H[SUHVVLRQV
,QVSLWHRIWKHIDFWWKDWWKHUHDUHUDWKHUIHZGLIIHUHQWSUHSRVLWLRQVH[SUHVVLQJ
DPHWDSKRULFDOXQGHUVWDQGLQJRI DQHPRWLRQ LQ LQWRRXWRI SDVW WKURXJK
RYHUWKLVLPSRUWDQWQXPHULFDOGLIIHUHQFHEHWZHHQSUHSRVLWLRQDOFRQVWUXFWLRQV
DQGRWKHUZRUG FODVVHV OHDGV WR D FRQVLGHUDEOH LPSDFWRI WKH IRUPHURQ WKH
RYHUDOOGLVWULEXWLRQRI WKHGLIIHUHQWPHWDSKRUV,ISUHSRVLWLRQVDUH WDNHQLQWR
DFFRXQW FI WKH¿UVWFROXPQRIHDFKSDUDPHWHU LQ7DEOH WKHPRVWSUHYD
OHQW PHWDSKRU LV )($5 ,6 620(7+,1* ,16,'( 7+( %2'<  LQ
VWDQFHVLHRXWRIDWRWDORIIROORZHGE\)($5,6$3/$&(/
&217$,1(5DQGZLWKOHVVLQFLGHQFH)($5,6$1$17$*21,67
)($5,6$12%-(&7DQG)($5,6$1$872120286
)25&(,QFRPSDULVRQ)($5,6$1,//1(66/,16$1,7<
FDQDOPRVWEHFRQVLGHUHGPDUJLQDO
 ,QFRQWUDVWWRRQHRIWKHVXEW\SHVRI$$/,48,',16,'(7+(%2'<WKHOLTXLGKHUHLV
RXWVLGHWKHSHUVRQVXUURXQGLQJLW
 ,QERWKFDVHVFRQWH[WVGHDOLQJZLWKIHDUDVDQDFWXDOPHQWDOLOOQHVVLHQRWLQDPHWDSKRULFDO
VHQVHZHUHQRWWDNHQLQWRDFFRXQW
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
7DEOH 2YHUDOO GLVWULEXWLRQRI FRQFHSWXDOPHWDSKRUV ZLWKDQGZLWKRXW WDNLQJSUHSRVLWLRQDO
FRQVWUXFWLRQVLQWRDFFRXQW
&RQFHSWXDOPHWDSKRU
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7DEOH 7KHWHQPRVWDQGOHDVWIUHTXHQWFRRFFXUUHQFHV
&RRFFXUUHQFHV $EVROXWHVXEW\SHIUHTXHQF\
LQRQH¶VIHDU
IHDULQSHUVRQVERG\SDUWV
RXWRIIHDU
KDYH
RYHUFRPH
KHDUW
ORVH
¿OO
VWULNHHWFIHDULQWR
LQVSLUH


OXQJV
OHDNIHDU
VWULFNHQZLWK
FRQVWUDLQHGE\IHDU
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 82VWHU
+RZHYHU LIZHRQO\FRXQW WKRVHZRUGFODVVHV WUDGLWLRQDOO\ WKRXJKWRIDV
KDYLQJVWURQJHU OH[LFDOZHLJKW QRXQVYHUEVDGMHFWLYHVZKLFK UHVXOWV LQD
WRWDORILQVWDQFHV WKHSLFWXUH LVVRPHZKDWGLIIHUHQWZLWKDPRUHHYHQ
GLVWULEXWLRQDPRQJWKHWKUHHPDMRUPHWDSKRUW\SHV$%WDNLQJ
WRJHWKHUWKHWZRVXEW\SHVDQG'7KHODUJHVWGLIIHUHQFHLVWREHIRXQG
LQWKH3/$&(/&217$,1(5PHWDSKRU:KLOHLWLVWKHVHFRQGPRVWLPSRUWDQW
PHWDSKRUZKHQ WDNLQJ LQWRDFFRXQWSUHSRVLWLRQV WKHUHDUHYHU\ IHZH[SUHV
VLRQVWKDW LQFOXGHQRXQVYHUEVRUDGMHFWLYHVZKLFKPDNHVWKHIUHTXHQF\RI
WKLVPHWDSKRUGURS WRLIZHRQO\FRXQW WKH ODWWHU7KLVPLJKWEH LQWHU
SUHWHGDVLQGLFDWLQJWKDWWKHFRQFHSWXDOLVDWLRQRIDQHPRWLRQDVDSODFHRUFRQ
WDLQHU LV D YHU\ EDVLF DQG FRQYHQWLRQDOL]HGPHWDSKRU EXW EDUHO\ HYHU FRQ
VFLRXVO\HPSOR\HG
%HFDXVH RI WKH ODUJH GLIIHUHQFHV LQ IUHTXHQF\ EHWZHHQ SUHSRVLWLRQV DQG
RWKHUZRUGFODVVHVLWVHHPVFRQYHQLHQWWRWUHDWSUHSRVLWLRQDOH[SUHVVLRQVVHSD
UDWHO\ ZKHQ FRPSDULQJ WKH TXDQWLWDWLYH UHVXOWV IRU LQGLYLGXDO PHWDSKRUV LQ
PRUHGHWDLO7DEOHEHORZ6HFWLRQWKHUHIRUHVKRZVWKHIUHTXHQF\RI
HYHU\VXEW\SHZLWKRXWWDNLQJLQWRDFFRXQWSUHSRVLWLRQDOH[SUHVVLRQVLQRUGHU
WREHDEOHWRDSSUHFLDWHWKHGLIIHUHQFHVPRUHFOHDUO\)URPWKHSRLQWRIYLHZRI
IUHTXHQF\WKHPDMRUVXEW\SHVDUH
± )($5,6$3266(66,21LQVWDQFHV௘²௘RIDWRWDORI
± ,7 ,6 620(7+,1* 7+( 6(/) ),*+76 %$&. $*$,167 ௘²௘

± ,7 ,6 /2&$7(' ,125$))(&76 63(&,),& %2'< 3$576 ௘²௘

± ,7&20(6)5207+(2876,'(௘²௘
± ,7,6$+80$1%(,1*25$1,0$/௘²௘
± ,7,68163(&,),&$//</2&$7(',16,'(7+(%2'<௘²௘
± ,7,6$1$77$&.(5௘²௘
 3URGXFWLYLW\DQGFUHDWLYHXVH )UHTXHQF\RIRFFXUUHQFHDORQHLVQRW
HQRXJKWRGHVFULEHWKHPHWDSKRULFDOH[SUHVVLRQRIDQHPRWLRQWKRXJK7KHUH
DUHVRPHPHWDSKRUVWKDWDUHKLJKO\IUHTXHQWEXWRQO\YHU\IHZGLIIHUHQWOLQ
JXLVWLFH[SUHVVLRQVFDQEHIRXQGIRUWKHP$SDUWIURPWKH)($5,6$3/$&(
&217$,1(5PHWDSKRU ZKLFK LV DOPRVW H[FOXVLYHO\ SUHVHQW LQ UDWKHU IHZ
SUHSRVLWLRQDOVWUXFWXUHVWKHUHDUHRWKHUPHWDSKRUVXEW\SHVZKRVHPDWHULDOLVD
WLRQLVOLPLWHGWRDOPRVWVWHUHRW\SHGH[SUHVVLRQVIRUH[DPSOH¿OOZLWKDQGLWV
V\QRQ\PVIRUWKHPHWDSKRU)($5,6620(7+,1*7+$7&20(6)520
WKH2876,'(,QFRQWUDVWWKHUHDUHRWKHUPHWDSKRUVWKDWDUHQRWRQO\IUHTXHQW
EXWDOVRVKRZDKLJKGHJUHHRISURGXFWLYLW\DQGVHHPWREHH[SORUHGFUHDWLYHO\
LQ ODQJXDJHXVH7KLV LV WKHFDVHRI)($5,6),5(IRUZKLFKZH¿QGQLQH
GLIIHUHQWFRRFFXUUHQFHVVSDUNIXHOÀDVKVWRNHÀDUHH[WLQJXLVKEXUQ¿UH
LJQLWH
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
7DEOH 'LVWULEXWLRQRIPHWDSKRUVXEW\SHV
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,IZHZDQWWRDSSUHFLDWHWKHVHGLIIHUHQFHVLWLVWKHUHIRUHQRWHQRXJKWRORRN
DWDPHWDSKRU¶VIUHTXHQF\RULWVQXPEHURIGLIIHUHQWOLQJXLVWLFH[SUHVVLRQVLQ
LVRODWLRQUDWKHUWKHVHWZRSDUDPHWHUVVKRXOGEHVHHQLQUHODWLRQWRHDFKRWKHU
EHFDXVHWKLVWHOOVXVVRPHWKLQJDERXWKRZSURGXFWLYHDPHWDSKRULVDQGKRZ
FUHDWLYHO\LWLVXVHG7KLVLVZK\,LQWURGXFHWZRDGGLWLRQDOSDUDPHWHUVWKDWZLOO
EHFDOOHGSURGXFWLYLW\LQGH[DQGFUHDWLYLW\UDWLR
7KHSURGXFWLYLW\ LQGH[ LV GH¿QHG DV WKHSURGXFW RI DEVROXWH VXEW\SH IUH
TXHQF\$6)DQGQXPEHURIGLIIHUHQWH[SUHVVLRQV ௘1'( ,QRUGHU WRJLYH
HTXDOZHLJKW WR ERWK SDUDPHWHUV SHUFHQWDJHV DUH XVHG UDWKHU WKDQ DEVROXWH
7DEOH &RQWLQXHG࣠࣠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8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
¿JXUHV7KLVRSHUDWLRQSURYLGHVXVZLWKDQLQGH[WKDW\LHOGVYHU\KLJKYDOXHV
IRULWHPVWKDWVFRUHKLJKERWKRQDEVROXWHVXEW\SHIUHTXHQF\DQGQXPEHURI
GLIIHUHQW H[SUHVVLRQV IRU H[DPSOH )($5 ,6/2&$7(' ,125$))(&76
63(&,),&%2'<3$576KDVDSURGXFWLYLW\LQGH[RIZKHUHDVPHWDSKRU
VXEW\SHVZLWKIHZGLIIHUHQWH[SUHVVLRQVDQGORZIUHTXHQF\VFRUHYHU\ORZIRU
H[DPSOH)($5,6$3/$17ZLWKDQLQGH[RI
7KHFUHDWLYLW\UDWLRRQWKHRWKHUKDQGLVWKHUDWLREHWZHHQWKHWZRSDUDPH
WHUV7KLVPHDQVWKDWWKHKLJKHUWKHQXPEHURIGLIIHUHQWH[SUHVVLRQVIRUDPHW
DSKRUZLWKUHVSHFWWRLWVRYHUDOOIUHTXHQF\LHWKHPRUHFUHDWLYHO\LWLVXVHG
WKHKLJKHUWKHUDWLRZLOOEH2QWKHRWKHUKDQGWKHPRUHFRQYHQWLRQDOL]HGD
PHWDSKRUZLWKIHZKLJKO\IUHTXHQWGLIIHUHQWH[SUHVVLRQVWKHORZHULWVVFRUH
7DEOHVKRZV WKH¿YHTXDQWLWDWLYH LQGLFDWRUVDEVROXWHVXEW\SHIUHTXHQF\
$6)SHUFHQWDJHRIWRWDOPHWDSKRULFDOH[SUHVVLRQVQXPEHURIGLIIHUHQWH[
SUHVVLRQV௘1'(SURGXFWLYLW\LQGH[3,DQGFUHDWLYLW\UDWLR&5IRUDOOWKH
PHWDSKRUVXEW\SHVH[SODLQHGLQ6HFWLRQ
/RRNLQJDW WKHSDUDPHWHUVSURGXFWLYLW\ LQGH[DQGFUHDWLYLW\ UDWLRZHFDQ
ORFDWHHYHU\PHWDSKRURQDFOLQHIURPWKHPRVWFRQYHQWLRQDOWRWKHPRVWH[
WUDYDJDQW6XEGLYLGLQJWKLVFRQWLQXXPLVWRDFHUWDLQH[WHQWVXEMHFWLYHQHYHU
WKHOHVV,ZDQWWRJLYHH[DPSOHVIRUHDFKRIWKUHHSRVVLEOHFDWHJRULHVEHWZHHQ
ZKLFKWKHUHDUHQRFOHDUFXWERXQGDULHV
D +LJKO\FRQYHQWLRQDOPHWDSKRUV&5LVORZRUYHU\ORZ3,LVKLJKFI
7DEOH
7KHVHPHWDSKRUVSUHVHQWKLJKIUHTXHQFLHVDQGDFRPSDUDWLYHO\VPDOOQXPEHU
RIGLIIHUHQWOLQJXLVWLFH[SUHVVLRQV7KHUHFDQEHDFHUWDLQGHJUHHRIYDULDELOLW\
LQ WKH ZRUGV WKHVH PHWDSKRUV DUH H[SUHVVHG WKURXJK +RZHYHU WKH\ DUH
FKDUDFWHULVHGE\D UHODWLYHO\ VPDOOQXPEHURIKLJKO\FRQYHQWLRQDOL]HG¿[HG
H[SUHVVLRQV
E &UHDWLYHO\XVHGPHWDSKRUV&5LVPHGLXPRUKLJK3,LVORZWRPHGLXP
FI7DEOH
7KHVH PHWDSKRUV KDYH D UHODWLYHO\ KLJK QXPEHU RI GLIIHUHQW H[SUHVVLRQV
FRPELQHGZLWK DPHGLXP WR ORZ IUHTXHQF\7KHKLJKHU WKH FUHDWLYLW\ UDWLR
WKHPRUHFUHDWLYHO\ DPHWDSKRU LVXVHG7KLVGRHVQRWPHDQ WKDW LQGLYLGXDO
 3URGXFWLYLW\LQGH[ total ASF
ASF
total NDE
NDE

 &UHDWLYLW\UDWLR7KHDEVROXWHUDWLRLVGLYLGHGE\LWVPHDQLQRUGHUWRQRUPDOL]HWKHUHVXOW
GLVWULEXWHGDURXQG ASF
NDE / ASF
NDE
z
z 
 $SSO\LQJWKHNPHDQVFOXVWHULQJDOJRULWKPLQRUGHUWRWDNHLQWRDFFRXQWWKHFOXVWHULQJRIWKH
UHVXOWVWKHYDOXHVRI&5DQG3,DUHGLVWULEXWHGDFURVV¿YHJURXSV3,EHORZLVFRQVLGHUHG
YHU\ORZWRDVORZWRDVPHGLXPWRDVKLJKDQGDERYHDVYHU\KLJK$
&5EHORZLVUDWHGDVYHU\ORZWRDVORZWRDVPHGLXPWRDVKLJK
DQGDERYHDVYHU\KLJK
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PHWDSKRULFDO H[SUHVVLRQV KDYH WR EH HVSHFLDOO\ XQXVXDO EXW UDWKHU WKDW WKH
FRQFHSWXDOPHWDSKRULVH[SORUHGLQDFUHDWLYHZD\LQODQJXDJHXVH([DPSOHV
FDQEHIRXQGLQDOORIWKHIRXUPDMRUPHWDSKRUW\SHV
F 5DUHPHWDSKRUV&5LVKLJKRUYHU\KLJK3,LVYHU\ORZFI7DEOH
5DWKHULQIUHTXHQWPHWDSKRUVDUHFKDUDFWHULVHGE\DQH[WUHPHO\KLJKFUHDWLYLW\
UDWLRDQGORZSURGXFWLYLW\LQGH[7KLVLVGXHWRWKHFRPELQDWLRQRIYHU\ORZ
IUHTXHQFLHVZLWKDYHU\VPDOOQXPEHURIGLIIHUHQWH[SUHVVLRQV
7DEOH +LJKO\FRQYHQWLRQDOPHWDSKRUV
)($5,6 $6) 1'( 3, &5
620(7+,1*7+$7&20(6)5207+(2876,'(
௘࣠࣠¿OOLQVSLUHLQVWLO࣠OHQJHQGHUIHDULQVSLULQJIHDULQGXFLQJ
620(7+,1*7+(6(/)),*+76%$&.$*$,167
FRQTXHURQH¶VIHDURYHUFRPH¿JKWFRQIURQWRYHUULGH
FRPEDWEDQLVK
$3266(66,21
KDYHORVHEULQJWDNHJHWULGRI௘௘௘












7DEOH &UHDWLYHO\XVHGPHWDSKRUV
)($5,6 $6) 1'( 3, &5
),5(
VSDUNÀDVKIXHOVWRNHÀDUHEXUQH[WLQJXLVK¿UHLJQLWH
620(7+,1*7+$7,6'((3,16,'(7+(%2'<:+(1
,7,667521*
GHHSGHHSVHDWHGGHHSHQLQJUDLQHGSURIRXQGGHHSURRWHG
HQWUHQFKHG࣠࣠
,//1(66
GHYHORSVLFNZLWKPRUELGVWUXFNZLWKIHDUIHDUVWULFNHQ
SDWKRORJLFDOFKURQLFODWHQWLQIHFWFRQWDJLRXVVHYHUHVWULFNHQ
ZLWKIHDUVWUXFN
620(7+,1*7+$7'20,1$7(6
WDNHKROGRIGRPLQDWHRYHUWDNHVSXURYHUFRPHE\IRUFH
IHDUULGGHQIHDUGULYHQFRQVWUDLQHGE\LQKLELWHGE\WDNHRYHU
VXFFXPEWRRYHUULGHFRPSHOGULYHQ
 
 

 
 
 


 




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7DEOH 5DUHPHWDSKRUV
)($5,6 $6) 1'( 3, &5
$/,48,',16,'(7+(%2'<
ZDYHRIIHDULQVLGHWKHSHUVRQWULFNOHRIIHDU
IHDUGUDLQVIURPV/R
   
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
 (YLGHQFHIRUFRQFHSWXDOPHWRQ\P\
$VH[SODLQHGDERYHFI6HFWLRQZRUNLQJZLWKFRUSRUDGRHVQRWUHDOO\
DOORZXVWRWUDFNFRQFHSWXDOPHWRQ\PLHV+RZHYHUZHGR¿QGDJUHDWQXPEHU
RI H[SUHVVLRQV WKDW HYLGHQFH YDULRXV SK\VLFDO HIIHFWV RI WKH HPRWLRQ DQG LW
VHHPVWREHXVHIXOWRDQDO\VHWKHVHFRRFFXUUHQFHVLQRUGHUWRVHHZKLFKHIIHFWV
DUHPRVW IUHTXHQWO\XVHG WRGHVFULEH LQDJUDSKLFZD\ WKHVWDWHRI IHDURID
SHUVRQ7DEOHVKRZVTXDQWLWDWLYHGDWDRQWKHSK\VLFDOHIIHFWVRIIHDUDVIRXQG
LQWKHFRUSXVIRUWKHFRPSOHWHGHWDLOVFI$SSHQGL[
)URPWKHSRLQWRIYLHZRI IUHTXHQF\DJLWDWLRQ ZLWKFRRFFXUUHQFHV OLNH
WUHPEOH VKDNH MXPSHWF LPPRELOLVDWLRQRU FRQWUDFWLRQ ࣠࣠SDUDO\]H VWLII
VKULQNHWFDQGIDOOLQJERG\WHPSHUDWXUH௘࣠࣠IUHH]HFROGLF\HWFDUHWKHHI
IHFWVWKDWDUHPHQWLRQHGPRVWRIWHQ,IZHDOVRWDNHLQWRDFFRXQWWKHQXPEHURI
GLIIHUHQWH[SUHVVLRQVDQGFDOFXODWHWKHSURGXFWLYLW\LQGH[DQGFUHDWLYLW\UDWLR
DVH[SODLQHGLQ6HFWLRQZHFDQGLVWLQJXLVKWKUHHPDLQJURXSV
D +LJKO\FRQYHQWLRQDOFRQFHSWXDOPHWRQ\PLHV&5LVORZRUYHU\ORZ3,LV
KLJK
7KHVHDUHFKDUDFWHULVHGE\DORZQXPEHURIGLIIHUHQWH[SUHVVLRQVLQUHODWLRQWR
WKHLUIUHTXHQF\
± )HDUFDXVHVERG\WHPSHUDWXUHWRVLQNIUHH]HFROGHWF
± )HDUVKRZVLQWKHH\HVH\HVORRNRIIHDUVWDUH
E &UHDWLYHO\XVHGFRQFHSWXDOPHWRQ\PLHV&5LVPHGLXPRUKLJK3,LVPH
GLXPRUORZ
7DEOH 3K\VLFDOHIIHFWVRIIHDUDVHYLGHQFHGLQWKHFRUSXV
$6) 1'( 3, &5
)HDUFDXVHVDJLWDWLRQ
)HDUFDXVHVLPPRELOLVDWLRQRUFRQWUDFWLRQ
)HDUFDXVHVERG\WHPSHUDWXUHWRVLQN
)HDUFDXVHVVFUHDPLQJRUFU\LQJ
)HDUDIIHFWVRQH¶VYRLFH
)HDUGLVWXUEVEUHDWKLQJ
)HDUVKRZVLQWKHIDFH
)HDUVKRZVLQWKHH\HV
)HDUFDXVHVGLODWLRQRIWKHH\HV
)HDUFDXVHVDQXQSOHDVDQWWDVWHRUVPHOO
)HDUFDXVHVDFKDQJHRIFRORXU
)HDUFDXVHVZHDNQHVV/LQFDSDELOLW\
)HDUFDXVHVVZHDWLQJ
)HDUFDXVHVDSULFNOLQJVHQVDWLRQ
)HDUFDXVHVERG\WHPSHUDWXUHWRULVH
)HDUFDXVHVORVVRIFRQWURORYHUERG\IXQFWLRQV
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± )HDUFDXVHVDFKDQJHRIFRORXUZKLWHWLQJHSDOHEODQFK\HOORZ
± )HDUFDXVHVZHDNQHVVFULSSOHEOLQGZLWKPXWHZLWKZHDNIURPVWXPEOH
ZHDNOHJVGLVDEOLQJVSHHFKOHVVGHELOLWDWLQJOLPSZLWK
F 5DUHFRQFHSWXDOPHWRQ\PLHV&5LVKLJKRUYHU\KLJK3,LVYHU\ORZ
± )HDUFDXVHVERG\WHPSHUDWXUHWRULVHKRWEOD]H
± )HDUFDXVHVORVVRIFRQWURORYHUERG\IXQFWLRQVZHWRQHVHOI
 &RQFHSWXDOSUR[LPLW\
:LWK UHVSHFW WR WKH FRQFHSWXDO SUR[LPLW\ WR RWKHU HPRWLRQZRUGV µIHDU¶ LV
PRVWIUHTXHQWO\IRXQGLQFRPELQDWLRQZLWKRWKHUQHJDWLYHHPRWLRQVLQ
RIFDVHV7KHPRVWIUHTXHQWFRRFFXUUHQFHVE\IDUDUHWKRVHIURPWKHFRQ
FHSWXDO GRPDLQ RI ³IHDU´ LWVHOI 7KHVH FDQ EH JURXSHG IXUWKHU LQWR
VXEGRPDLQV
± 6WURQJIHDUIULJKWDQJXLVKKRUURUGUHDGWHUURUSDQLF
± /DFNRIWUXVWZDULQHVVPLVWUXVWGLVWUXVWVXVSLFLRQ
± 6OLJKWIHDUZRUU\DSSUHKHQVLRQFRQFHUQ
± +RSHOHVVQHVVGHVSDLUGHVSHUDWLRQDQ[LHW\
± 3DWKRORJLFDOIRUPVRIIHDUSKRELDSDUDQRLD
2WKHUQHJDWLYHHPRWLRQVLQFOXGHWKHIROORZLQJ
± QHJDWLYHHPRWLRQVRULHQWHGWRZDUGVRWKHUVDQJHU࣠࣠࣠IUXVWUDWLRQUDJHGLV
JXVWKDWHORDWKLQJKDWUHGKRVWLOLW\RWKHUV௘JUHHGHQY\MHDORXV\
± LQVHFXULW\XQFHUWDLQW\FRQIXVLRQGRXEW
± QHJDWLYHHPRWLRQVRULHQWHGWRZDUGVRQHVHOI௘JXLOWVKDPHUHPRUVH
± VDGQHVV௘JULHIVRUURZKRSHOHVVQHVV
± SDLQ࣠࣠SDLQKXUW
± LQDELOLW\WRDFWDSDWK\LQGHFLVLRQLQFDSDFLW\
 $QRWKHUZD\ RI GHDOLQJZLWK WKHVH ³VWUDQJH´ H[DPSOHV LV VXJJHVWHG E\.|YHFVHV 
±+HLQWURGXFHVWKHFRQFHSWRIFRJQLWLRQRYHUHPERGLPHQWRYHUULGHWRH[SODLQWKH
DSSDUHQWFRQWUDGLFWLRQEHWZHHQWKHRYHUDOOFRQFHSWXDOPHWRQ\P\)($5,6&2/'DQGLQGL
YLGXDOPHWDSKRUVLQYROYLQJKHDWDVDQLQGLFDWRURIIHDUOLNHKRWRUEOD]HDPRQJRXUH[DP
SOHV7KLVPHDQVWKDWKLJKO\HQWUHQFKHGJHQHULFFRQFHSWXDOPHWDSKRUVOLNH,17(16,7<,6
+($7FDQEHDSSOLHGHYHQLIWKHPHWDSKRUGRHVQRW¿WWKHHPERGLHGQRWLRQ)($5,6&2/'
 7KHVXUSULVLQJO\ORZIUHTXHQF\RIWKLVPHWRQ\P\LVSRVVLEO\GXHWRWKHIDFWWKDWWKHFRUSXV
ZDVUHVWULFWHGWRZULWWHQJHQUHVRIDUDWKHUIRUPDONLQG¿FWLRQPDJD]LQHVQHZVSDSHUVDQG
DFDGHPLFSDSHUV
 7KHFRPSOHWHTXDQWLWDWLYHGDWDFDQEHIRXQGLQDSSHQGL[
8VLQJFRUSXVPHWKRGRORJ\IRUVHPDQWLFDQGSUDJPDWLFDQDO\VHV 
2QWKHRWKHUKDQGµIHDU¶LVDOVRIRXQGLQFRPELQDWLRQZLWKSRVLWLYHHPRWLRQV
HLWKHUIHHOLQJVRULHQWHGWRZDUGVRWKHUVORYHUHVSHFWRUIHHOLQJVWKDWDUHDUH
DFWLRQWRJRRGWKLQJVLQWKHSUHVHQWRUIXWXUHKRSHH[FLWHPHQWMR\6RPHRI
WKHFRRFFXUULQJHPRWLRQZRUGVDUHDPELYDOHQWRUQHXWUDO࣠࣠SLW\FXULRVLW\
%\ WKHPVHOYHVSHUKDSV WKHVHUHVXOWVGRQRW WHOOXVPXFKPRUH WKDQZKDW
LQWXLWLRQPLJKWSUHGLFW+RZHYHULQFRQWUDVWLYHVWXGLHVLQWHUOLQJXLVWLFRUGLD
FKURQLFWKLVNLQGRIDQDO\VLVFDQEHLPSRUWDQWWRKLJKOLJKWGLIIHUHQFHVEHWZHHQ
ODQJXDJHVWKDWDUHQRWSODLQWRWKHH\HLIQRWEDFNHGE\ODUJHTXDQWLWLHVRIFRU
SXVGDWD,QDVLPLODUVWXG\WKDWFRPSDUHVWKH*HUPDQDQG6SDQLVKZRUGVIRU
WKHFRQFHSW³SULGH´µ6WRO]¶DQGµRUJXOOR¶WKHDQDO\VLVVKRZHGµ6WRO]¶WREH
PRUHRIWHQIRXQGLQWKHYLFLQLW\RIWKHPRUHSRVLWLYHO\RULHQWHGOH[LFDOXQLWV
6HOEVWDFKWXQJVHOIHVWHHPDQG:UGHGLJQLW\ZKHUHDVµRUJXOOR¶ZDVFORVHU
WRYDQLGDGYDQLW\DUURJDQFLDDUURJDQFHDQGVREHUELD௘KDXJKWLQHVV2VWHU

 6HPDQWLFSUHIHUHQFHDQGVHPDQWLFSURVRG\'HVFULSWLRQDQGHYDOXDWLRQ
$VKDSSHQVZLWKFRQFHSWXDOSUR[LPLW\WKHUHVXOWVRIDQDQDO\VLVRIGHVFULSWLRQ
DQGHYDOXDWLRQDUHDSSUHFLDWHGEHVWLQDFRQWUDVWLYHFRQWH[WZKLFKZLOOHQDEOH
XV WR SRLQW RXW XVDJH GLIIHUHQFHV EHWZHHQ ODQJXDJHV +RZHYHU HYHQ LQ D
PRQROLQJXDOVWXG\ ORRNLQJPRUHFORVHO\DW WKHVHPDQWLF¿HOGVRI WKHFROOR
FDWHVRIµIHDU¶VHPDQWLFSUHIHUHQFHDQGWKHGDWDUHODWLQJWRHYDOXDWLYHH[SUHV
VLRQV VHPDQWLFSURVRG\DOORZVXV WRJDLQ LQWHUHVWLQJ LQVLJKWV LQWRKRZWKH
HPRWLRQLVSUHGRPLQDQWO\GHVFULEHGDQGHYDOXDWHG
,IZHORRNDWWKHVHPDQWLFVXEVHWVWKDWWKHFRRFFXUUHQFHVEHORQJWRIURPWKH
SRLQWRIYLHZRI V\QWDJPDWLF UHODWLRQVEHWZHHQ WKHHPRWLRQFRQFHSWDQG LWV
VXUURXQGLQJVLQWH[WZHZLOO¿QGLQIRUPDWLRQRQFDXVHVRIIHDU³IHDURIVWK´
RQLWVREMHFWV³IHDUIRUVWK´DQGRQZKRH[SHULHQFHVLWFI$SSHQGL[2Q
FORVHUORRNWKHFDXVHVDUHUHODWHGWRSXQLVKPHQWRIVRPHNLQGUHWULEXWLRQ
UHWDOLDWLRQSK\VLFDOKDUPGHDWKLQMXU\VRFLDOFRQVHTXHQFHVRIRQH¶VDFWV
UHMHFWLRQULGLFXOHSHUVRQVRUJURXSVRISHUVRQVVWUDQJHUSROLFHLQVHFX
ULW\RUYLROHQFHFULPHZDUQDWXUDOWKLQJVQLJKWKHLJKWVULVNVRIPRGHUQ
OLIHZHLJKWJDLQFRQWDPLQDWLRQGDQJHUVLQJHQHUDO࣠࣠࣠À\LQJULVNSROLWLFDO
VRFLDORUUHOLJLRXVJURXSLQJVFRPPXQLVPLPPLJUDQWVRUGDQJHUVUHODWHG
WRWKHHFRQRP\OD\RIILQÀDWLRQ2QWKHRWKHUKDQGIHDULVH[SHULHQFHGIRUD
FORVHUHODWLYHNLGKXVEDQG࣠࣠RUIRURQH¶VSHUVRQDOZHOOEHLQJPRQH\IRRG࣠࣠
7KHH[SHULHQFHUVFDQEHFODVVL¿HGLQWRLQGLYLGXDOVLQJHQHUDOPDQSDUHQW
PHPEHUVRIVSHFL¿FJURXSVVWXGHQWLQYHVWRURUFROOHFWLYHERGLHVFRPPX
QLW\SXEOLF
([DPLQDWLRQRIWKHUHVXOWVDOVRUHPLQGVXVWKDWFRUSXVGDWDDOZD\VKDVWREH
KDQGOHGZLWKFDUHDQG WKDWKRZHYHUELJDFRUSXV LWZLOORQO\UHSUHVHQW WKH
UHDOLW\RI WKH WH[WV LWFRQWDLQV ,Q WKLVFDVH WKHVHFWLRQRI WKH&2&$FRUSXV
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XVHGLQWKHDQDO\VLVUHÀHFWVSUHVHQWGD\$PHULFDQZULWWHQODQJXDJHDQGHYHQ
KLJKOLJKWVVRPHSHFXOLDULWLHVRIWKFHQWXU\$PHULFDQFXOWXUH)RUH[DPSOH
WKHUHDUHDVWULNLQJQXPEHURIUHIHUHQFHVWRWKHIHDURIOLDELOLW\OLWLJDWLRQODZ
VXLWVRUSURVHFXWLRQ$OVRJHQUHDQG/RUVXEMHFWPDWWHUFDQKDYHDQXQH[SHFWHG
LQÀXHQFHRQWKHUHVXOWVZKHQFHUWDLQFROORFDWLRQVDFTXLUHDWHUPOLNHVWDWXVDQG
DUHXVHGUHFXUUHQWO\LQVSHFL¿FSXEOLFDWLRQV,QWKLVFDVHWKHUDWKHUXQH[SHFWHG
IUHTXHQF\RIJ\PQDVWDVH[SHULHQFHURIIHDUDQGIHDURIYLFWLPL]DWLRQLVDOPRVW
H[FOXVLYHO\GXHWRWKHLUUHVSHFWLYHSUROL¿FXVHLQWKHDFDGHPLFMRXUQDOV6SRUW
%HKDYLRUDQG$GROHVFHQFH
:LWKUHVSHFWWRGHVFULSWLYHDQGHYDOXDWLYHDVSHFWVRIWKHHPRWLRQFRQFHSW
µIHDU¶LWLVSUREDEO\QRWVXUSULVLQJWKDWDGMHFWLYHVDQGWRDOHVVHUH[WHQWYHUEV
SURYHG WREH WKHPRVW UHYHDOLQJFRRFFXUUHQFHV FI$SSHQGL[)URP WKH
SRLQWRIYLHZRIGHVFULSWLRQLQWHQVLW\RIWKHHPRWLRQLVE\IDUWKHPRVWLPSRU
WDQWDVSHFWRIWKHGHVFULELQJRUHYDOXDWLQJLWHPV7KHVHH[SUHVVLRQV
UHIHUWRWKHVL]HRIWKHHPRWLRQELJJUHDWHVWH[DJJHUDWHG࣠࣠LWVEHLQJEDGRU
GDQJHURXVZRUVWWHUULEOHGUHDGIXO࣠LWVVWUHQJWKLQWHQVHVWURQJH[WUHPH
DQGLQDIHZFDVHVLWVZHDNQHVV࣠࣠࣠IDLQWFHUWDLQVOLJKW$VWRWKHTXDOLW\RI
WKHHPRWLRQWKHUHLVDYHU\ODUJHJURXSRIZRUGVWKDWVWUHVVLWVEHLQJSXUHRU
UHDO UHDOJHQXLQHQDNHG HWF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